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FOREWORD 

My  colleagues  and  I  are  pleased  to  present  the  third  annual  report  focussed  spevifically  on  the  life-span 
dose-response  studies  being  conducted  at  the  Inhalation  Toxicology  Research  Institute,  ITRI,  and  the  University 
of  Utah.  As  previous  readers  of  regular  ITRI  annual  reports  may  recall,  progress  on  these  life-span  studies  used 
to  be  included  in  those  reports  along  with  other  research  reports.  Because  of  the  importance  and  magnitude  of 
these  studies  and  the  results  coming  from  them,  we  decided  to  publish  the  scientific  accomplishments  and  associated 
detailed  charts  and  tables  in  a  separate  document. 

The  information  presented  here  provides  a  complete  summary  status  of  these  studies  as  cf  September  30, 
1991.  This  report  has  been  prepared  as  a  stand-alone  document  for  informational  purpo-ses.  References  to  previously 
published  documents  and  open-literature  are  also  provided  to  assist  the  interested  reader  in  obtaining  additional 
information  in  specific  areas. 

The  inclusion  of  results  from  both  the  ITRI  and  University  of  Utah  studies  in  this  report  reflects  the 
cooperative  effort  between  investigators  at  these  two  organizations  currently  being  supported  under  DOE  Contract 
No.  DE-AC04-76EV01013.  Included  in  thisar.  ingement  is  the  provision  ofclinical  care  and  biomedical  observations 
for  the  dogs  during  the  remainder  of  their  lives.  In  a  similar  way,  all  of  the  living  dogs  in  the  life-span  studies 
of  Beagles  Tadiated  chronically  with  gamma  radiation  at  Argonne  National  Laboratory  were  transferred  to  ITRI 
on  January  23,  1991  for  clinical  care  and  biomedical  observations  for  the  remainder  of  their  lives. 

An  increasing  number  of  the  ITRI  and  University  of  Utah  studies  have  arrived  at  the  point  where  all 
dogs  on  study  have  died.  Thus,  our  efforts  are  increasingly  directed  toward  detailed  reviews  and  analyses  of 
study  materials  and  data  and  the  publication  of  these  results  in  the  open  scientific  literature.  These  completion 
efforts  are  being  conducted  by  teams  of  investigators  at  both  institutions.  Their  goals  are  to  prepare  basic  manuscripts 
on  each  study,  make  analyses  across  studies  within  ITRI  or  the  University  of  Utah  programs,  and  other  cross¬ 
cutting  analyses  among  results  from  other  laboratories,  and  use  this  information  to  derive  the  health  risk  implications 
of  these  studies  for  human  subjects.  An  Executive  Summary  is  provided  to  allow  the  reader  to  obtain  a  brief 
summary  of  the  past  year's  progress  and  accomplishments  and  to  serve  as  an  indicator  of  the  kind  and  location 
of  information  that  is  available  in  greater  detail  in  the  report. 


Director 
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EXECUTIVE  SUMMARY 

This  report,  which  covers  the  period  October  1,  1990,  through  September  30,  1991,  describes  the  scientific 
progress  in,  and  current  status  of,  life-span  studies  on  the  long-term  health  risks  of  chronic  irradiation  of  Beagle 
dogs  from  internally  deposited  radionuclides  or  an  external  gamma  source.  Primary  emphasis  is  placed  on  the 
19  major  studies  that  were  initiated  at  the  Inhalation  Toxicology  Research  Institute,  ITRl,  and  are  now  being  completed. 
In  addition,  information  is  provided  on  life-span  studies  initiated  at  the  University  of  Utah. 

All  living  dogs  in  the  Utah-initiated  studies  were  transferred  to  (he  ITRI  facility  for  the  remainder  of 
their  life-span  observations  and  measurements  in  September  1987.  After  this  transfer,  scientists  at  both  institutions 
have  worked  collaboratively  to  ensure  the  orderly  and  thorough  completion  of  these  studies.  This  report  is  the 
third  in  a  series  of  annual  reports  dealing  with  the  current  status  and  progress  of  both  the  Utah  and  ITRI  studies. 

Other  life-span  studies  involving  dogs  exposed  to  gamma  radiation  from  an  external  source  were  initiated 
and  conducted  for  many  years  at  Argonne  National  Laboratory,  ANL.  In  199 1 ,  the  decision  was  made  to  discontinue 
the  chronic  irradiation  of  the  remaining  living  dogs  and  to  transfer  all  remaining  dogs  to  ITRI  for  care,  clinical 
observations,  and  pathological  observations  at  death  or  euthanasia.  This  report  also  provides  the  current  status 
of  these  dogs. 

The  sections  dealing  with  the  Utah  and  ITRI  studies  comprise  most  of  this  report.  The  information  on 
both  sets  of  studies  is  organized  along  similar  lines,  addressing  basic  research  approaches,  study  designs,  recent 
accomplishments,  and  progress  in  study-completion  activities. 

The  ITRI-related  section  presents  brief  statements  of  project  objectives,  the  general  procedures  used  in 
these  studies,  and  some  study-specific  features  for  each  of  the  19  studies  being  conducted  with  either  beta-  or 
alpha-emitting  radionuclides.  Dose-  and  effect-modifying  factors  being  addressed  in  these  studies  include  total 
dose,  dose  rate,  LET,  solubility,  non-uniformity  of  dose,  species,  age,  sex,  health  status,  and  mode  of  exposure. 
Recent  additions  to  experimental  protocols  for  studies  in  which  dogs  are  still  alive  involve  the  collection  and  analysis 
of  tumor  tissues  using  currently  available  molecular  biology  techniques. 

The  ITRI  section  continues  with  a  presentation  on  the  current  status  of  these  studies  divided  into  four 
sections  dealing  with  a)  studies  in  which  dogs  are  alive,  b)  studies  in  which  all  dogs  are  dead,  c)  current  activities 
related  to  completion  of  all  these  studies,  and  d)  recent  research  accomplishments.  At  the  beginning  of  this  fiscal 
year,  there  were  131  dogs  alive  in  8  studies.  By  September  30,  1991,  the  closing  date  for  this  report,  there  were 
106  dogs  alive  in  6  studies.  With  the  exception  of  one  dog  exposed  to  ’^Ce  in  fused  aluminosilicate  particles, 
FAR,  when  3  months  old,  all  of  the  other  living  dogs  received  one  or  repeated  inhalation  exposures  to  monodisperse 
aerosols  of  ^^PuOj.  Brief  clinical  and  pathology  summaries  are  given  for  each  dog  that  died  during  the  past 
year.  For  studies  in  which  all  dogs  are  dead,  summary  information  and  references  to  all  previous  reports  on 
these  studies  in  previous  annual  reports  are  given. 

.Many  current  activities  in  the  ITRI  program  are  directed  to  completion  of  the  clinical  pathology  reviews 
of  the  dogs  by  study,  data  analyses,  and  manuscript  preparations  needed  to  determine  and  present  the  basic  results 
of  these  studies  and  their  implications  for  human  health  risks  from  inhaled  radionuclides. 

Eight  brief  reports  are  included  that  describe  current  results  from  the.se  studies.  The  first  two  involve 
lifetime  biological  effects  seen  in  Beagle  dogs  that  were  exposed  once,  by  inhalation,  to  *’Y  in  a  relatively  soluble 
form,  ^'YC13,  or  in  a  relatively  insoluble  form,  FAP.  When  inhaled  in  this  relatively  insoluble  form,  the 
lung  and  tracheobronchial  lymph  nodes  received  most  of  the  chronic  dose  of  beta  radiation.  Pulmonary  carcinomas 
were  the  principal  finding  in  dogs  that  died  at  long  times  after  the  inhalation  exposure.  The  dose-response  data 
were  analyzed  by  using  a  proportional  hazards  model.  The  risk  factor  for  chronic  beta  radiation  from  this  study 
was  about  1/2  that  seen  for  lung  cancer  in  Japanese  A-bomb  survivors  exposed  at  25  yr  of  age.  The  reduced 
risk  factor  may  be  due  to  the  differences  in  dose  rate  in  the.se  two  different  exposure  regimens. 
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In  dogs  that  inhaled  YCI3,  the  **  Y  was  absorbed  from  the  lung  and  deposited  in  other  organs,  particularly 
the  liver  and  skeleton.  Six  lung  cancers  and  three  cancers  of  the  na.sal  cavity  were  observed.  No  skeletal  cancers 
and  only  one  liver  cancer  were  found.  These  results  make  an  interesting  contrast  to  the  results  above  for  ®*Y 
FAP,  showing  how  radionuclide  form  can  influence  which  organs  are  at  risk  after  an  inhalation  exposur,. 

The  next  report  presents  the  late-occurring  effects  from  inhaled  If  inhaled  ^*Pu02  behaved 

in  the  same  manner  as  inhaled  it  would  be  expected  that  the  ^*Pu  would  be  very  insoluble,  remain 

in  the  lung,  and  produce  its  long-term  biological  effects  there.  However,  enhanced  dissolution  due  to  particle 
fragmentation,  led  to  substantial  long-temi  translocation  of  ^*Pu  from  the  lung  to  liver  and  skeleton.  Late-occurring 
cancers  were  seen  in  all  three  organs.  These  results  emphasize  the  importance  of  having  direct  knowledge  on 
the  in-vivo  solubility  of  an  inhaled  material  as  it  may  affect  the  lifetim.  health  ri.sks. 

A  study  of  the  health  effects  of  repeated  inhalation  exposures  to  ^®Pu02  is  reported  next.  Dogs  were 
exposed  by  inhalation  to  ^^Pu02  once,  or  once  every  6  mo  for  10  yr  and  observed  over  their  life-spans.  Preliminary 
analyses  presented  in  this  report  indicate  that  the  survival  of  animals  dying  from  lung  cancer  appears  to  be  independent 
of  dose  rate  and  dependent  only  on  the  total  cumulative  radiation  dose  to  lung. 

The  next  report  presents  a  brief  interspecies  comparison  of  the  risks  of  lung  cancer  from  chronic  beta 
radiation.  A  proportional  hazards  model  was  used  ,to  analyze  and  compare  results  tor  mice,  rats,  and  dogs  that 
inhaled  a  relatively  insoluble  form  of  •‘^Ce.  Similar  lifetime  risk  factors  were  found  in  all  species,  increasing 
our  confidence  that  the  mean  lifetime  lung  cancer  risk  factor,  70  lung  cancers/lO*  Gy,  could  be  used  directly 
as  an  estimate  foi  a  lung  cancer  risk  factor  in  humans  for  chronic  beta  irradiation. 

A  similar  type  of  approach  is  described  in  the  next  report,  which  compares  lung  cancer  risk  factors  for 
an  alpha  emitter,  ^^F*u,  and  a  beta  emitter  when  inhaled  in  relatively  insoluble  forms  by  rats  and  dogs.  The 
relative  effectiveness  factors  for  lung  cancer  produced  by  chronic  alpha  radiation  compared  to  chronic  beta  radiation 
were  25  for  rats  and  36  for  dogs.  These  results  indicate  that  the  use  of  a  radiation  weighing  factor  of  20  is  only 
generally  consistent  with  results  seen  in  vivo. 

Another  comparison  of  the  effects  of  chronic  alpha  versus  chronic  beta  radiation  is  given  in  the  next  report 
using  results  for  bone  cancers  seen  in  dogs  that  inhaled  ^SrCl2  or  ^*Pu02.  The  ^*Pu  induced  primary  bone 
tumors  that  were  97%  osteosarcomas,  primarily  of  the  vertebra,  pelvis  and  humerus.  In  contrast,  the  ®®Sr  produced 
both  osteosarcomas  and  hemangiosarcomas,  primarily  in  the  skull,  rib,  pelvis,  and  scapula.  It  is  likely  that  these 
results  reflect  differences  in  patterns  of  radionuclide  distribution  and  retention  and  the  resulting  doses  received 
by  critical  cells. 

The  last  report  discusses  the  effects  of  age  and  antigen  exposure  on  in  vitro  production  of  tumor  necrosis 
factor  in  the  dog.  These  studies  involved  1 1  aged  and  12  young  Beagle  dogs.  Primary  antigen  instillation  caused 
a  more  pronounced  refractory  effect  in  pulmonary  alveolar  macrophages,  PAM,  from  young  dogs  than  from  aged 
dogs.  These  results  suggest  that  the  state  of  activation  of  PAM  plays  an  important  role  in  the  diminished  immune 
response  seen  in  the  lungs  of  aged  dogs. 

The  current  status  and  recent  progress  of  life-span  studies  from  the  University  of  Utah  begin  the  next 
major  section  of  this  annual  report.  These  studies  were  initiated  in  the  early  1950's  for  the  purpose  of  determining 
the  radiotoxicity  of  *^^Pu  relative  to  that  of  ^^*Ra  for  comparison  with  results  obtained  in  humans  containing 
burdens  of  ^^*Ra.  A  number  of  studies  with  other  radionuclides,  primarily  alpha  emitters,  were  added  in  later 
years. 


A  brief  presentation  of  the  specific  objectives  of  the.se  studies  is  given,  followed  by  a  description  of  the 
general  procedures.  The  main  difference  between  the  Utah  studies  and  the  ITRI  studies  is  the  exposure  route. 
All  of  the  Utah  studies  involve  exposure  by  s  single  intravenous  injection  (or  repeated  injections  for  ^^‘^Ra),  whereas 
all  the  ITRI  exposures,  except  for  ’^^CsCl,  were  given  by  single  or  repeated  inhalation  exposures.  The  Utah 
studies  involved  both  life-span  studies  and  special  serial-sacrifice  studies.  Of  primary  interest  at  the  present  time 


is  completion  of  the  life-span  studies.  Study-.^pecific  features  are  presented  for  stuebs  of  young-adult  Beagles 
that  received  intravenous  injections  of  1  of  10  different  radionuclides  or  of  immature  or^ed  Beagle  dogs  injected 
with  or  ”®Ra. 

Twenty  two  dogs  died  during  FY-1991.  By  September  30,  1991,  there  were  39  dogs  alive  in  the  Utah 
studies  at  ITRI.  These  living  dogs  had  been  injected  with  ^*^Ra,  ^‘*Ra,  or  The  number  of  living  dogs 

represents  about  3%  of  the  total  population  of  life-span  study  dogs. 

Research  efforts  in  the  Utah  studies  fall  into  three  general  categories:  I)  contiaaed  care  and  observation 
of  the  dogs  still  alive,  2)  detailed  dosimetric  studies,  at  the  organ  and  local  levels,  of  these  injected  radionuclides 
and  the  factors  that  influence  these  dose  patterns,  and  3)  completion  of  firul  reviews  of  biological  materials  and 
data,  compilations  and  analyses  of  data,  and  preparation  of  fiiul  study  reports  for  public  ■  son  in  the  open,  scientific 
literature. 

Care  and  study  of  the  dogs  on  study  are  continuing  at  die  ITRl  facility.  Mae  of  the  scientific  effort 
at  the  University  of  Utah  is  currently  being  directed  to  completion  of  major  life-spin  studies  and  the  associated 
dosimetry  studies  required  to  determine  dose-respon.se  relation.<diipr.  and  estimated  heaMi  risks  for  humans.  The 
current  focus  of  study  completion  activities  is  directed  primarily  to  the  studies  of  young  adults  dogs  injected 
intravenously  with  either  ^*^Ra  or  *^^Pu.  Milestone  schedules  are  given  for  the  vinous  segments  of  these  studies 
that  need  to  be  completed  prior  to  completion  of  overall  summary  manuscripts  on  these  studies.  These  individual 
milestone  activities  are  also  leading  to  other  manuscripts  that  present  more  detailed  eusiinations  of  the  various 
dose  and  effect  results  obtained  as  well  as  analyses  that  cut  across  two  or  more  studies. 

Examples  of  recent  progress  in  the  completion  of  the  Utah  studies  are  given  in  five  brief  reports.  The 
first  two  of  these  deal  with  soft-tissue  effects  seen  in  dogs  injected  with  ^^*Ra.  The  first  report  examines  the 
occurrence  of  tumors  in  the  eyes  of  dogs  and  compares  these  results  with  those  from  coauol  dogs  or  dogs  injected 
with  ^Sr.  Excess  melanomas  occurred  in  the  eyes  of  ^^*Ra-injected  dogs  as  a  residl  of  localized  deposition  of 
^*®Ra.  No  intraocular  tumors  in  excess  of  those  seen  in  control  dogs  occurred  in  the  ^Sr-injected  dogs. 

The  second  report  deals  with  mammary  tumors  in  dogs  injected  with  *^*Ra.  The  issue  of  mammary  tumors 
possibly  arising  from  internally  deposited  --*Ra  arises  from  the  increased  incidence  of  mammary  cancer  seen  in 
women  exposed  to  ^^*Ra  while  painting  luminous  dials.  The  occurrence  of  mammary  tumors  was  examined  in 
the  population  of  dogs  injected  with  ^^*Ra  and  followed  for  lifetime  observation.  Tbe  analyses  reported  here 
indicate  that  the  occurrence  of  mammary  tumors  in  the  Ra-exposed  dogs  was  similar  to  'Sat  seen  in  the  control 
dogs,  but  the  age  at  tumor  diagnosis  was  much  younger  in  the  Ra-exposed  dogs  than  in  the  control  dogs.  The 
reasons  for  this  difference  remain  to  be  determined. 

The  third  and  fourth  reports  deal  with  dosimetnc  factors  for  alpha  emitters  in  the  skeleton.  In  the  third 
paper,  the  distribution  of  ^^*Ra  is  compared  for  cortical  and  trabecular  bones  in  humans  and  Beagle  dogs.  These 
analyses  indicated  that  although  the  overall  levels  of  ^'*Ra  retention  in  dogs  and  humans  differ  widely,  the  pertitinning 
between  cortical  and  trabecular  bone  may  be  quite  similar.  This  information  is  a  necessary  ingredient  in  the 
extrapolations  of  bone  tumor  risk  factors  between  dog*  and  people. 

The  fourth  report  discusses  hit  factors  and  other  microdosimcinc  parameters  for  nuclei  of  bone-lining 
cells  irradiated  by  alpha  emitters.  Values  given  for  ^^Np.  -**Ra,  ^’Pu,  and  ‘*'Axn  are  additional  pieces  of 
information  needed  eventually  to  understand  the  relationships  betw-en  average  dose  to  the  skeleton,  local  doses 
to  individual  bones,  skeletal  microdosimetry,  and  the  resulting  nsks  of  radionuclide-induced  bone  cancer. 

The  final  Utah-based  report  presents  results  of  a  study  on  the  promotion  of  radiabon-induced  liver  neoplasia 
by  chronic  ingestion  of  ethanol.  Eight  dogs  injected  with  •‘‘’Am  citrate  were  also  given  ethanol  twice  daily  in 
their  feed  and  followed  for  long-term  observation.  The  occurrence  of  liver  tumors  in  these  dogs  was  compared 
with  that  seen  in  42  ^^’Am-injected  dogs  that  did  not  receive  ethanol.  A  2-  to  3-fold  increase  in  the  risk  of  liver 
cancer  was  seen  in  the  -‘‘’Am-injected  dogs  that  were  also  exposed  chronically  to  ethanol.  These  results  indicate 
that  restriction  of  dietary  ethanol  may  be  a  prudent  part  of  a  treatment  regimen  in  hunan  ca.scs  involving  hepatic 
irradiation. 


IX 


The  s«xtion  on  studies  originated  at  the  University  ot'  Utah  is  followed  by  a  bnef  status  report  on  the 
dogs  nvwed  to  ITRI  from  ANL  in  January  1901;  a  toul  of  73  dogs  were  moved  to  ITRl.  By  the  end  of  FY- 
1991.  IS  of  these  dogs  had  died  or  were  euthanized.  All  of  the  surviving  dogs  continue  to  be  followed  medically, 
and  gro.vs  and  histopathology  information  will  be  obtained  at  death. 

The  sections  on  the  ITRI.  Utah,  and  ANL  .studies  are  followed  by  two  .sections  that  provide  references 
to  open  literature  and  document  publications  produced  by  the  ITRI  and  Utah  ettorts.  Specific  references  to  open 
literature  publications  during  the  past  fiscal  sear  are  iitcludcd  for  both  organizations. 

This  annual  report  concludes  with  publication  of  the  annually  revised  appendix  tables  that  list  pertinent 
experimental  inlurmatiop.  for  everv  dog  assigned  u>  either  an  ITRI-  or  L'tah-iniliated  study.  These  tables  are  working 
dex-uments  for  which  individual  entries  may  change  from  time  to  time  as  new  or  revised  information  becomes 
available.  Ahcn  the  intormaln'n  in  a  specific  table  reaches  the  point  where  further  changes  are  unlikely,  it  will 
be  so  noted.  None  of  the  tables  has  yet  reached  that  stage. 
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I.  ITRI  LIFE-SPAN  STUDIES  IN  DOGS 


A.  SPECIFIC  PROJECT  OBJECTIVES 


The  major  objectives  of  these  studies  are  to  define  the  late-sKCurring  health  effects  of  inhaled  radionuclides, 
to  determine  appropriate  dose-response  functions  for  desenbing  the  iKcurrences  of  these  effects,  to  gain  an 
understanding  of  the  relative  importance  of  vanous  dose-  and  effect-  modifying  factors,  and  to  use  these  results 
to  estimate  human  health  risks  from  inhaled  radionuclides.  Because  the  iofonrution  necessary  to  describe  these 
relationships  is  not  available  from  human  exposures  to  radionuclides,  it  is  necessary  to  perform  studies  in  laboratory 
animals  to  address  these  issues. 

The  series  of  life-span  studies  conducted  in  Beagle  dogs  for  this  project  was  designed  to  determine  the 
toxicity  of  representative  radionuclides  from  the  inventory  of  various  types  of  nuclear  reactors  and  military  production 
facilities.  Specific  questions  that  are  addressed  in  these  studies  are  as  follows: 

1.  What  are  the  organs  at  risk  relative  to  the  solubility  of  the  chemical  form  of  the  radionuclides? 

2.  What  is  the  importance  of  li'tal  dose  and  dose  rate  to  the  lung  with  respect  to  beta-emitting  radionuclides 
in  producing  biological  effects? 

3.  What  is  the  importance  of  the  uniformity  of  dose  to  the  lung  from  alpha-emitting  radionuclides  relative 
to  the  nsk  of  lung  cancer? 

4.  Does  the  age  ol  the  individual  at  the  lime  of  exposure  mixJify  dose  and  resulting  effects? 

5.  Does  the  protraction  of  dosi;  by  rcfKtated  exposures  h.ive  an  important  effect  on  biological  response.s? 

Our  major  focus  is  on  life-span  studies  m  dogs;  however,  studies  are  also  being  done  in  rodents  and 
in  nonhuman  pnuiates.  The  puqxise  of  tiicse  laiicr  >iuJic.'>  is  to  provide  mtiirmation  irom  other  species  that  wiii 
strengthen  and  improve  the  extrapolation  of  data  from  laboratory  animals  to  humans. 
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B.  EXPERIMENTAL  APPROACHES 


1.  General  Procedures 

Each  of  the  dog  life-'pj'i  studies  involves  dogs  that  were  exposed  at  one  of  4  to  10  levels  plus  unexposed 
control  dogs.  Typical';  .  each  exposure  level  contained  12  dogs,  although  in  a  few  instances,  a  particular  level 
contained  more  O"  less  than  12  dogs.  All  dogs  used  were  purebred  Beagles  from  the  In.stitute’s  colony.  Before 
being  placed  on  study,  each  dog  received  a  complete  medical  evaluation  to  ensure  its  suitability  for  inclusion  in 
a  lire-'jf  ji  study.  Dogs  were  placed  on  study  according  to  a  randomized  block  de.sign.  Two  or  more  blixks 
cn'  dogs,  at  iewst  one  blixk  of  each  sex,  each  containing  one  dog  at  each  desired  exposure  level  and  a  control 
dog,  were  entered  on  study  at  a  particular  time.  Entry  of  the  full  complement  of  dogs  in  a  given  study  w  as  spread 
over  2  to  5  years. 

With  the  exception  of  the  study  in  which  ’^^CsCI  was  administered  by  intravenoas  injection,  all  radionuclides 
were  administered  by  single  or  repealed,  brief,  per-nasal  inhalation  exposure.  Dogs  were  whole-body  counted 
immediately  after  exposure  and  periodically  thereafter,  loquanlitale  the  initial  body  burden  of  the  inhaled  radionuclide 
and  its  subsequent  retention.  Unnary  and  fecal  excretions  were  collected  daily  in  the  early  post-exposure  period 
and  periodically  thereafter,  as  another  rrx-ans  of  quantifying  radionuclide  retention. 

All  dogs  on  study  received  annual  medical  evalua'ions.  as  well  as  clinical  treatment  when  required.  The 
serial  blood  cell  counts  and  serum  chemistry  determinations  and  the  radiographic  information  were  compiled  into 
individual,  life-time  medical  records  for  each  dog.  .At  death,  each  dog  received  a  complete  necropsy,  with  gross 
examination  of  tissues  and  organs  and  collcMions  of  specimens  for  histopathology  and  radioanalysis  of  radionuclide 
content.  Tissue  specimens  were  examined  hislopalhologically.  and  a  case  summary  and  diagnoses  were  prepaa-d. 
Additional  dosimetry  data  were  obtained  from  the  serial  sacnfice  of  dogs  exposed  in  parallel  studies  using  the 
same  radionuclides  and  aerovil  forms  as  in  the  life-span  studies.  Histopathology  results  are  cncod<^d  according 
to  the  SNODOG,  a  m<xlitied  version  of  ihe  SSOMED  nomenclature  system,  and  entered  into  a  FOGL’S  data  base 
along  with  major  clinical  results  for  each  dog. 

2.  Study-Specific  Features 

a.  Beta-Emitting  Radionuclides  Inhaled  in  a  Relatively  Soluble  Fonn 

The  solubility  of  inhaled  material  in  bxly  fluids  has  a  definite  effect  on  Ihe  Iranshxation  of  radionuclides 
from  Ihe  lung  and  influences  which  organs  receive  significant  ladiaimn  doses.  The  (our  radnmuclide  compounds 
chosen  for  these  sfudies.  ''‘’.SrCK.  ''*yci,  and  ”’Cs('I,  provided  a  range  of  organs  at  risk.  including 

lung,  liver,  skeleton  and  whole  baly  For  the  purposes  of  this  fcpoii.  use  of  Ihe  terms  '*’Sr,  '■’  Cs  or  ’**Ce 
refers  to  an  equilibrium  mixture  of  *'^Sr  '*'Y,  "'Cs-''  ""Ba.  or  '■*^Ce-'**rr.  respectively.  Specific  features  of 
these  four  studies  are  given  b»-low. 

1.  '**'SrC!i  (Inhalation  exposures  pertornxd  from  I'^j- 1^?) 

This  study  involves  4S  dogs  that  received  vinglc  inhala'-  'n  exposures  to  graded  levels  of  '^^Sr  and  15 
control  dogs.  The  expisurt  aerosol  was  '"SrCl,  in  a  nonradioac  live  <'vCl  vector.  The  long-term  retained  burdens 
ranged  from  0.37  to  4  44  MBq  kg  bsiy  weight  Bexauve  "^'Sr  is  a  Sipe-seeking  radionuclide,  the  skeleton  was 
Ihe  mam  target  organ. 

li.  ’^Ccf'lj  (Inhalation  ixpisures  pertormed  Irom  I'vf/i-ldb?) 

This  study  involve-.  55  clogs  that  received  -ingle  inhalation  exprsures  to  '■‘^CeClj  on  a  C-v  .  vector  and 
17  control  d*)gv.  Tlie  long  term  retail. ed  b,i!j-.ii.  raiu.-J  ii-.m  0  ifiiy  to  13  3  MHij  kg  Ixsjg  wcig.il  Fne  ir.nii 
target  organs  were  lung,  liver,  -Irleion  and  na-al  cavity 
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iii.  ^’YCIj  (Inhalation  exposures  performed  from  1966-1967) 

This  study  involves  42  dogs  that  received  single  inhalation  exptisures  to  ^'YClj  on  a  CsCI  vector  and 
12  control  dogs.  The  long-term  retained  burdens  ranged  from  0.52  to  20  MBij'kg  b<xly  weight.  The  main  target 
organs  were  similar  to  those  for  *'*'*Ce  -  lung,  liver,  skeleton  and  nasal  cavt’y. 

iv.  '^^CsCI  (Intravenous  injections  were  done  in  1968-1969) 

This  study  involves  54  dogs  that  received  a  single  intravenou.s  injection  of  ’’’C.sCl  and  12  control  dogs. 
The  initial  btxly  burdens  of  ’^~Cs  in  the  injected  dogs  ranged  from  32.5  to  148  MBq'Tcg  body  weight.  Because 
of  the  soluble  nature  of  the  injected  material  and  the  fact  that  the  distribution  of  sium  follows  that  of  pota,ssium 
in  the  body,  the  resulting  pattern  of  irradiation  was  generally  a  whole-body  taposure,  in  contra.st  to  the  three 
studies  listed  above  where  the  radionuciiaes  weie  prctcieiaially  d-.-po-'icd  in  only  a  fr'v  organs. 

b.  Beta-Emitting  Radionuclides  Inhaled  m  a  Relatively  Insoluble  Form 

This  series  of  four  studies  was  designed  to  investigate  the  carcinogenic  response  of  the  lung  to  similar 
doses  of  chronic  beta  radiation  delivered  over  different  periods  of  time.  To  achieve  this  objcvtive,  four  radionuclides, 
with  radioactive  half-lives  ranging  from  64  hours  to  29  years  and  each  encapsulated  in  a  common  form  of  vector 
aerosol,  fused  aluminosilicate  particles  (FAP).  were  studied.  Specific  features  of  these  four  studies  are  given  below. 

i.  '*‘^Y  in  fused  aluminosilicate  particles  (Inhalation  exposures  performed  from  1969-1971) 

This  study  involves  89  dogs  that  received  single  inhalation  exfxisures  to  ^Y-FAP  and  12  control  dogs. 
The  initial  lung  burdens  (I LB)  ranged  from  2.96  to  192  MB^'Ttg  body  weight.  Because  the  half-life  of  “^Y  is 
relatively  short,  2.6  days,  and  “^'Y  in  this  form  is  relatively  insoluble,  the  major  radiation  dose  was  delivered 
to  the  lung. 

11.  ’*Y  in  fused  aluminosilicate  particles  (Inhalation  exposures  performed  from  1970-1971) 

This  study  involves  96  dogs  exposed  once  to  graded  levels  of  ^’Y-FAP  and  12  control  dogs.  ILB  ranged 
from  0.407  to  13.3  MBq/kg  NxJy  weight.  The  effective  half-life  of '’’Y  is  approximately  53  days  m  the  lung. 
The  main  target  organs  were  the  lung  and  Irachc-obronchial  lymph  mxles. 

iii.  '■‘■’Ce  in  fusc-d  aluminosilicate  particles  (Inhalation  exposures  performed  from  1967- 
1971) 

This  study  involves  111  dogs  that  received  single  brief  exposun-s  to  *'*^Ce-FAP  as  young  adults  and  15 
control  dogs.  ILB  ranged  from  0.(XXXt9  to  7.77  .VIBqltg.  The  effextive  half-life  of  ’■‘“'Ce  in  the  lung  i.s  about 
180  days.  Lung  and  tracheobronchial  lymph  mnles  were  the  main  target  organs. 

iv.  ‘«’Sr  in  fusi-d  aluminosilicate  particles  (Inhalation  exposures  performed  from  1970-1974) 

This  study  involves  106  dogs  that  received  single  brief  exposures  to  "^'^Sr-FAP  as  young  adults  and  18 
control  dogs.  ILB  ranged  from  0.0044  to  3.55  .MBq/kg  body  weight.  The  radioactive  half-life  of  ^^Sr.  about 
29  years,  is  the  longest  of  the  four  radionucbdes  used  in  this  series.  When  incorporated  in  FAP,  the  effective 
pulmonary  retention  half-life  is  about  5(X)  days.  The  main  target  organs  were  lung  and  trachexibronchial  lymph 
mxies. 


Figures  1  and  2  illustrate  the  effect  of  different  retention  patterns  in  the  lung  for  the  four  studies  in  which 
young  adult  dogs  inhaled  radionuclides  in  F.AP  aerosols  These  differences  result  from  effective  half-lives  in  lung 
that  range  from  *  2  dtys  for  ^'Y  'o  more  than  5(X)  days  for  '***.Sr.  In  Figure  1.  the  expected  change  in  radiation 
■Jose  rate  .is  a  function  of  time  is  shown  for  the  levels  of  exposure  selected  to  prixluce  initial  dose  rates  of  1  Gy/ 
Jjy,  The  dose  patterns  in  Figure  1  rexjuired  assignment  of  similar  activity  levels  for  ILB.  K-cause  the  beta  energie.s 
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are  simlar  for  the  four  radionuclides.  For  the  same  ILB,  different  dose-rate  patterns  result  in  marked  differences 
in  the  long-term  cumulative  radiation  dose  to  the  lung.  Differences  in  radiation  dose  patterns  among  the  different 
radionuclides  are  demonstrated  in  Figure  2,  where  cumulative  dose  curves  resulting  in  infinite  doses  of  20  Gy 
to  the  lung  required  ILB  ranging  from  48  MBq  for  (initial  dose  rate  =  5.3  Gy/day)  to  0.26  MBq  for  ^Sr 
(initial  dose  rate  =  0.57  Gy/day).  Table  1  shows  the  various  organs  that  received  substantial  beta  radiation  do.ses 
in  these  studies  and  thus,  were  especially  at  risk  for  the  development  of  long-term  biological  effects. 


Figure  I .  Calculated  absorbed  beta  dose  rate  to  the  lung  for  Beagle  dogs  for  various  inhaled  radionuclides  normalized 
to  I  Gy/day  initial  dose  rate  (1 10  g  lung).  FAP  -  fused  aluminosilicate  particles. 


Figure  2.  Calculated  paltcms  .tor  accumiilaling  total  K-ta-dose  to  the  lung  m  Beagle  dogs  of  20  Gy  from  various 
inhaled  radionuclides  fl  10  g  lung).  FAP.  fused  aluminosilicate  particles. 
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Table  1 


Life-Span  Dose-Response  Studies  in  Beagle  Dogs  that  Received  Single, 
Brief  Exposures  by  Inhalation  To  Beta-Emitting  Radionuclides 


Aerosol 

and 

Form* 

Whole-Body 

Age  at 
Inhalation 
Exposure 

Organs  Receiving  Substantia]  Radiation  Doses 

Retea  tion 
Hiilf-Ufe 

Lung 

Skeleton 

Liver 

Whole 

Body 

TBLN*> 

l^^CsCI 

30  days 

13  months 

r-H' 

^Wcij 

59  days 

13  months 

-t--h 

-h  + 

+ 

'‘*^CeCl3 

284  days 

13  months 

+  + 

+  -H- 

^SrCl2 

5-10  years 

13  months 

90y  faP^ 

2.5  days 

13  months 

+ 

FAP 

53  days 

13  months 

+  + 

J'^Ce  FAP 

a  200  days 

13  months 

-h-H-t- 

+ 

-1- 

+  +  + 

^Sr  FAP 

>  500  days 

13  months 

+  +  + 

-1- 

-t- 

+  +  + 

FAP 

as  200  days 

3  months 

+  +  + 

+ 

+ 

+  +  + 

FAP 

St  200  days 

8-10  years 

+  +  + 

-*• 

■h 

+  +  + 

•ah  polydispcrse  aerosols,  except  *^"^€50  which  was  given  by  intravenous  injection, 
^tracheobronchial  lymph  nodes. 

'Relative  magnitude  of  dose  received. 

^Fused  aluminosilicate  particles. 


c.  Uniformity  of  Pulmonary  Irradiaticn  from  an  Inhaled  Alpha-Emitting  Radionuclide 

To  address  the  question  of  whether  a  nonunifcrm  distribution  of  alpha  radiation  in  the  lung  is  more 
carcinogenic  than  a  uniform  distribution,  five  life-span  studies  are  being  conducted  using  Beagle  dogs  that  inhaled 
either  ^^^PuOj  or  ^^’PuOj  particles  of  different  monodisperse  sizes.  A  schematic  representation  of  the  experimental 
design  for  these  studies  is  shown  in  Figure  3,  where  each  cube  represents  one  dog.  Five  different  aerosols  have 
been  used,  each  resulting  in  particles  with  different  levels  of  alpha-emitter  radioactivity.  For  each  aerosol,  a 
randomized  block  design  was  used  for  entering  dogs  on  study,  similar  to  that  u.sed  for  the  beta-gamma  dose-re.sponse 
studies. 


Twelve  blocks  of  dogs  were  exposed  to  each  aerosol  to  achieve  graded  ILB  ranging  from  0.37-21  kBq 
Pu/kg  body  weight.  Sixty  control  dogs  were  included,  12  for  each  aerosol.  Two  additional  ILB  levels  of  93 
and  8.5  Bq  Pu/kg  body  weight  were  included  for  the  studies  in  which  young-adult  dogs  and  immature  dogs  inhaled 
-^’PuOj  aerosols  of  I.5-^»m  activity  median  aerodynamic  diameter  (AMAD).  An  ILB  of  “-^^Pu  of  8.5  Bq  Pu/ 
kg  body  weight  in  a  Beagle  dog  is  equivalent  to  a  lung  burden  of  590  kBq  Pu  in  a  70-kg  human. 

The  information  given  ir  Table  2  and  in  Figure  3  was  u,sed  to  calculate  the  initial  dose  rate  averaged 
over  the  toUl  lung  and  the  local  dose  rate  around  each  particle,  for  each  particle  size  and  activity  level  shown 
in  Figure  4.  With  two  different  radioisotopes  of  plutonium  and  three  different  particle  sizes,  the  alpha  activity 
per  particle  and  the  corresponding,  idealized  local  dose  rate  to  a  sphere  of  lung  tis.suc  with  a  radius  of  180  ^m 
{density  =  0.22  g/cm^)  surrounding  an  individual  particle  varied  by  a  factor  of  '  40,000.  Also,  the  use  of  six 
activity  levels  for  each  aerosol  resulted  in  a  difference  of  about  a  factor  of  50  in  the  initial  dose  rate,  averaged 
over  the  entire  lung.  Thus,  these  five  expenments  permit  comparison  of  the  relative  influences  of  both  ItKal  dose 
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rates  and  average  dose  rates  in  prrxlucing  long-term  biological  effects.  The  average  do.se  rate  to  the  lung  will 
decrea.se  with  time  after  exposure,  as  plutonium  is  cleared  from  the  lung.  The  local  dose  rate  can  either  increa.se 
or  decrease  as  a  result  of  particle  movement,  aggregation,  dissolution,  or  particle  breakup  in  the  lung. 


i 
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Figure  3.  Schematic  representation  of  the  experimental  design  for  life-span  studies  involving  young  adult  dogs 
exfxised  to  different  momxJisperse  aerosols  of  •■^’'Pu  (90?^  )PuO,  or  ^^^PuO-).  Each  cube  represents  one 
dog  entered  into  the  experiment  at  12-14  months  of  age. 

Tabic  2 

Some  Characterisua  of  Aerosol  Particles  Containing  Pure  Transuranic  Alpha-Emitting  Radionuclides 


Activity  (Bq)  per  Particle*  *’ 


Aerosol 

Specific  Activity 
(GBq/g) 

AMAD*  =  0.75  urn 
RD**  ••  0.18  ^ara 

AMAD  =»  1.5  >im 
RD  -  0.44  urn 

AMAD  -  3,0  Mm 

RD  =  0.96  Mm 

239pu02 

2.0 

0.000049 

0.00074 

0.0074 

^*Am02 

no 

0.0027 

0.039 

0.41 

™Pu02 

560 

0.014 

0.20 

2.1 

2^Cmp, 

2,700 

0.066 

096 

10 

"^Cmp, 

110,000 

2.7 

39 

410 

•Density  of  8  was  u,scd  for  these  calcuSauons.  This  is  the  measured  density  for  ^PuOj  and  ^’AmO^ 
particles  produced  by  standard  methods  at  this  Institute. 

*’rhe  ^?u  lised  at  this  Institute  contained  10%  ^^u  by  weight  ThJ  produced  a  specific  activity  of 
510  GBq/g  and  particle  activiiics  of  0.013,  0,18  and  1.9  3q,  respectively,  for  0.75->im,  1.5-^m,  and 
XO-fim  AMAD  particles. 

'AMAD=* Activity  mcOian  aerodynamic  diameter  of  monodlspersc  particles  (geometric  standard 
deviatiofi  <  1,2). 

‘’RD-Real  or  leometric  diameter  of  the  particle. 
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Figure  4.  Calculated  dose  reiatiooships  for  the  five  life-span  studies  involving  dogs  that  inhaled  monodisperse 
aerosols  of  ^*(905S)PuO-,  or  ^’PuO,.  Local  dose  rate  was  computed  in  a  180-^ra  sphere  of  lung  tissue 
(density  =  0.22  g/cm^).  The  calculation  of  average  dose  rate  was  based  on  a  1 10-g  lung.  Self-absorption 
of  alpha  energy  by  the  particles  was  negligible. 

Inherent  in  the  experimental  design  is  a  difference  in  the  number  of  particles  associated  with  a  given  ILB 
level  for  each  aerosol.  The  fraction  of  the  lung  irradiated  can  be  estimated  by  assuming  a  spherical  irradiation 
volume  of  2.4  x  10^  around  each  particle,  and  by  determining  how  many  of  these  volumes  are  present  in 
the  volume  of  a  1 10-g  lung.  Results  of  such  a  theoretical  calculation  are  presented  in  Figure  5.  When  the  number 
of  these  irradiation  volumes  exceeds  2. 1  x  10^,  the  calculated  fraction  of  lung  irradiated  exceeds  1.0.  For  values 
>  1.0,  some  or  all  portions  of  the  lung  would  be  irradiated  by  the  alpha  emissions  from  more  than  one  particle 
of  plutonium,  even  if  the  particles  are  assumed  to  be  uniformly  distributed  in  the  lung  tissue,  and  geometrical 
considerations  are  ignored.  Our  experimental  evidence  suggests  that  inhaled  particles  are  not  uniformly  distributed, 
but  are  randomly  deposited  in  the  lung.  This  random  distribution  indicates  that  theoretical  calculations  of  the 
fraction  of  lung  irradiated  are  slight  overestimates.  All  of  the  ILB  levels  for  the  exposures  to  0.75-/im  AMAD 
particles  of  ^^PuOj  and  for  the  upper  four  levels  for  the  exposures  to  1.5-;im  AMAD  particles  of  gave 

calculated  fractional  irradiations  >  1.0.  The  remaining  ^^Pu02  ILB  levels  and  all  of  the  ^^^PuOj  exposure  levels 
resulted  in  calculated  values  <  1.0  for  fractions  of  lung  irradiated.  Because  of  the  overlap  in  fractions  of  lung 
irradiated  for  the  several  different  sires  of  aerosols,  the  effects  of  local  dose  rate  are  being  studied,  while  the 
fraction  of  lung  irradiated  is  held  constant.  To  obtain  more  detailed  dosimetric  information,  parallel  studies  have 
been  conducted  in  dogs  and  rodents  exposed  to  ^^Pu02  and  ^^*PuOt  aerosols  and  serially  sacrificed  at  selected 
times  after  exposure.  These  studies  have  provided  valuable  data  on  the  organ  and  tissue  distribution  of  plutonium 
with  time  after  exposure. 

The  dogs  in  the  originally  planned  five  studies  of  different-sized  aerosol  particles  of  ^^Pu02  and  ^^*Pu02 
have  all  been  exposed  and  entered  into  these  studies.  After  the  exposures  were  completed,  we  found  that  the 
^*Pu02  particles  began  to  break  up  in  the  lung  at  about  100  days  after  exposure.  This  resulted  in  increased 
solubility  and  translocation  of  ^^*Pu  to  bone  and  liver.  Although  some  “^*Pu02  remained  in  the  lung,  the  dose 
patterns  to  lung,  liver  and  bone  were  altered  from  what  was  initially  expected  to  occur.  The  ^^^PuO,  particles 
did  not  undergo  any  observable  breakup,  presumably  becau.se  of  their  lower  specific  activity.  Although  this  unexpected 
early  dissolution  of  the^^*Pu02  particles  changed  the  experimental  design  of  the  original  study,  important  information 
is  being  obtained  on  the  toxicity  of  inhaled  ^^^Pu02.  At  the  same  time,  the  ^^^PuOj-exposed  dogs  are  providing 
infomwtion  relative  to  the  original  hypothesis. 
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Figure  3.  Calculated  numbers  of  particles  and  fractions  of  lung  irradiated  based  on  the  sphere  of  irradiation  associated 
with  each  particle  (2.4  x  lo’  and  a  determination  of  how  many  of  these  volumes  could  be  contained 
in  the  lung  before  overlapping  occurred.  Self-absorption  of  alpha  energy  by  the  particles  is  negligible. 


Specific  details  on  the.se  studies  are  given  below. 

i.  ^^PuO,  (Inhalation  exposures  performed  fro<n  1973-1976) 

Two  studies  were  initiated  with  young-adult  dogs  exposed  once,  briefly,  to  monodi.sperse  particles  of 
^^*PuO,.  These  two  studies  u.sed  particles  with  aerodynamic  diameters  of  1.5  and  3.0  nm,  respectively.  Each 
study  was  compri.sed  of  72  ^*Pu-exposed  dogs  and  12  control  dogs.  The  ILB  ranged  from  0.11  to  37  kBq/kg 
body  weight  in  the  1.5  ^lm  study  and  0.37  to  55.5  kBq/kg  body  weight  in  the  3.0  /im  sfudy.  Although  the  particles 
of  ^^^PuOj  were  initially  quite  in.soluble,  these  particles  fractured  after  several  months  in  the  body,  leading  to 
decreased  particle  sizes  and  increased  dissolution.  Subsequent  absorption  of  -^’*Pu  into  the  systemic  circulation, 
with  translocation  to  other  organs,  resulted  in  the  skeleton  and  liver  becoming  target  organs,  as  well  as  the  lung. 

ii.  '^^PuOi  (Inhalation  exposures  performed  from  1977-1979) 

Three  studies  were  initiated  in  which  young-adult  dogs  were  exposed  once,  briefly,  to  monodi-sperse  particles. 
There  were  48  dogs  that  inhaled  0.75  particles  of  ’^^PuOj,  96  dogs  that  inhaled  1.5  ;xm  particles  of  ■■^‘’Pu02 
and  72  dogs  that  inhaled  3.0  ^m  particles  of '^^PuO,.  Each  study  had  12  control  dogs.  The  ILB  ranged  from 
0.26  to  7.4,  from  0.03  to  37,  and  from  0.22  to  74  kBq/kg  body  weight  for  the  0.75  gim,  1.0  and  3.0  pm 
studies,  respectively.  Because  the  inhaled  -^^PuO,  remained  in  a  very  insoluble  form  in  the  b<xiy,  the  lungs  were 
the  main  target  organs  in  these  studies. 
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d.  Effects  of  Age 


To  examine  the  possible  effects  of  age  on  the  dose-response  relationships  for  both  a  beta-  and  an  alpha- 
emitting  radionuclide  inhaled  in  a  relatively  insoluble  form,  additional  life-span  studies  were  conducted  with  dogs 
that  were  either  3  months  or  8  to  10.5  years  old  at  the  time  of  inhalation  exposure.  The  two  exposure  aerosols 
used,  *^Ce-FAP  and  ^®Pu02,  will  facilitate  comparisons  of  results  obtained  with  beta-  and  alpha-emitting 
radionuclides  with  results  obtained  from  the  companion,  young-adult  studies  listed  above  for  the  same  forms. 

i.  ^^Ce  in  fused  alununosiiic.ate  particles  in  immature  dogs  (Inhalation  exposures 
performed  from  1972-1976) 

This  study  involved  49  dogs  that  were  exposed  once,  briefly,  to  **^Ce-FAP  aerosols  at  90  days  of  age 
and  five  control  dogs.  The  ILB  of  *‘*^Ce  ranged  from  0. 15  to  5, 180  kBq/kg  body  weight.  The  lung  and  tracheobronchial 
lymph  nodes  were  the  main  target  organs. 

ii.  *'*^Ce  in  fused  aluminosilicate  particles  in  aged  dogs  (Inhalation  exposures  performed 
from  1972-1975) 

This  study  involves  42  dogs  that  inhaled  graded  activity  levels  of  ’‘*^Ce-FAP  when  they  were  8  to  10.5 
years  old  and  12  control  dogs.  ILBs  in  these  42  dogs  ranged  from  88.8  to  2,780  kBq/kg  body  weight.  The 
main  target  organs  were  lung  and  tracheobronchial  lymph  nodes. 

iit.  239pu02  in  immature  dogs  (Inhalation  exposures  performed  from  1979-1982) 

This  study  involves  96  dogs  that  inhaled  graded  activity  levels  of  a  1.5  ;im  monodisperse  aerosol  of  ^^’PuO, 
when  they  were  90  days  old  and  12  control  dogs.  The  ILB  ranged  from  0.01  to  29  kBq/kg  body  weight.  Lung 
and  tracheobronchial  lymph  nodes  were  the  primary  target  organs. 

iv.  239pu02  in  aged  dogs  (Inhalation  exposures  performed  from  1979-1982) 

This  study  involves  48  dogs  that  inhaled  1.5  jrm  particles  of  ^^®Pu02  when  they  were  8  to  10.5  years 
old  and  12  control  dogs.  The  ILB  ranged  from  0.48  to  24  kBq/kg  body  weight.  Lung  and  tracheobronchial 
lymph  nodes  were  the  main  target  organs. 

e.  Effects  of  Protracted  Exposure 

Two  studies  were  conducted  to  study  dose  protraction,  one  with  a  beta  emitter,  ’“’'^Ce,  and  one  with  an 
alpha  emitter,  ^®Pu. 


i.  >«Ce  in  fused  aluminosilicate  particles  repeated  exposures  (Inhalation  exposures 

performed  from  1973-1975)  ^ 

This  study  involves  27  dogs  that  received  a  brief  'nhalation  exposure  to  ’'^‘*Ce-FAP  every  8  weeks  for 
13  exposures,  and  nine  control  dogs.  The  27  exposed  dogs  were  divided  into  three  groups  of  nine  dogs,  whose 
lung  burdens  of  ''*^Ce  were  1)  increased  by  92  kBq/kg  with  each  exposure,  2)  re-established  at  333  kBq/kg,  or 
3)  re-established  at  165  kBq/kg  body  weight.  In  each  case,  lung  and  tracheobronchial  lymph  nodes  were  the  main 
target  organs. 


ii.  ^^^Pu02  repeated  exposures  (Inhalation  exposures  performed  from  1977-1988) 

This  study  involves  36  dogs  that  received  a  brief  inhalation  exposure  to  -^^Pu02  every  6  months  for 
20  exposures.  These  36  dogs  were  divided  into  two  groups,  for  which  the  exposure  goals  and  numbers  of  dogs 
were  T)  lung  burden  increased  3.7  kBq  every  6  months  (12  dogs)  and  2)  lung  burden  increased  0.37  kBq  every 
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6  months  (24  dogs).  Another  group  of  24  dogs  received  an  ILB  of  about  3.7  kBq  in  one  brief  inhalation  exposure. 
Twelve  dogs  served  as  controls.  The  singly  exposed  dogs  and  the  controls  were  sham  exposed  19  times.  Lung 
and  tracheobronchial  lymph  nodes  were  the  target  organs. 

3.  Additional  Approaches  Beina  Used  in  the  Life-Snan  Studies 

Additional  approaches  to  acquiring  biological  information  related  to  the  pathogenesis  of  alpha  radiation- 
induced  lung  disease  have  been  implemented  in  animals  in  the  ongoing  studies.  Because  about  6 1  %  of  the  dogs 
exposed  as  immature  animals  are  still  alive,  these  dogs  are  currently  our  most  available  population  for  studying 
the  mechanisms  of  radiation-induced  lung  cancer.  Biologic  materials  from  animals  in  this  project  are  being  used 
in  other  projects,  "Molecular  Bases  of  Radiation-Induced  Cancers'  and  "Mechanism  of  Radiation-Induced  Cancer" 
to  achieve  two  goals;  1)  to  develop  early  biological  indicators  of  lung  tumor  production,  and  2)  to  elucidate 
the  mechanisms  involved  in  alpha  radiation  carcinogenesis.  ImmunohistochemJcal  and  molecular  techniques  are 
being  used  to  determine  the  presence  and  extent  of  dysf'inctional  expressions  within  hyperplastic  epithelial  foci, 
lung  tumors,  and  exfoliated  cells.  For  example,  tissue  samples  are  being  used  to  measure  oncogene  amplification 
and  tumor-associated  restriction  fragment-length  polymorphisms  by  Southern  blot  techniques.  Mutations  that  activate 
the  Kirsten-ros  proto-oncogene  are  being  assayed  by  oligonucleotide  mismatch  hybridization  and  DMA  sequence 
analysis  following  amplification  of  the  first  and  second  exons  of  the  Ki-rar  gene  using  the  polymerase  chain  reaction. 
Iramunohistochemistry  is  being  used  to  assay  for  p53  tumor  suppressor  gene  and  Erb  B-2  oncogene  dysfunctions 
and  fluorescent  in  situ  hybridization  to  score  for  chromosomal  gains  and  losses.  The  resulting  data  will  provide 
clues  to  the  sequence  of  gene  dysfunction  that  lead  to  neopla.stic  transformation.  Although  these  kinds  of  biochemical 
and  whole-tissue  studies  are  being  done  in  other  projects,  the  information  obtained  will  form  an  integral  part  of 
the  results  from  the  studies  in  this  project. 

C.  CURRENT  STATUS  OF  ITRl  STUDIES 

1.  General  Overview 

The  current  status  of  the  19  dog  longevity  studies  at  ITRI  is  presented  in  Table  3.  Overall,  about 

7  percent  of  the  total  population  of  study  dogs  remained  alive  on  September  30,  1991.  Thirteen  of  these  studies 
have  reached  the  point  at  which  all  of  the  dogs  are  now  dead,  and  several  others  will  soon  reach  this  same  point. 
At  the  current  time,  our  research  effort  related  to  these  studies  has  three  main  foci:  1)  continuation  of  the  care 
and  study  of  dogs  still  alive  in  six  of  these  studies,  2)  use  of  biological  specimens  obtained  at  necropsy  to  develop 
early  biological  indicators  of  lung  tumor  production  and  to  study  the  underlying  mechanisms  and  3)  completion 
of  final  reviews  of  biological  specimens  and  the  associated  dosimetry  data,  compilation  and  analysis  of  data,  and 
preparation  of  final  study  reports  for  publication  in  the  open  scientific  literature.  When  a  study  is  fully  completed 
and  submitted  for  publication,  the  study  materials  (slides,  tissue  blocks,  etc.)  records,  and  computer  files  will 
be  transferred  to  the  National  Radiobiology  Archive  at  Richland,  WA. 

The  brief  reports  that  follow  in  Section  I.C.2.  give  the  current  status  of  each  longevity  study  in  which 
dogs  remain  alive.  This  section  is  followed  Ly  a  compilation  of  pertinent  references  to  previous  animal  reports 
for  all  11. studies  in  which  all  dogs  are  now  dead  (Section  I.C.3.).  These  status  reports  are  followed  by  a  series 
of  progress  reports  that  present  current  highlights  related  to  the  three  main  research  areas. 
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Tabic  3 


Current  Sutus  of  Life-Span  Radionuclide  Toxicology  Studies  in  Beagle  Dogs  at  the 
Inhalation  Toxicology  Research  Institute 
(9/30/91) 


Age  at 
Inhalation 

Radionuclide 
and  Form 

Inhalation 

Exposure 

Year 

Dogs 
Entered 
in  Study 

Number 

Alive 

9/30/90 

FY-1990 

Deaths 

Number 

Alive 

9/30/91 

12-14  mo. 

’“SrCIj 

1965-1967 

63 

0 

0 

0 

(young  adult) 

‘^^CeCIs 

1966-1967 

72 

0 

0 

0 

®*YCl3 

1966-1967 

44 

0 

0 

0 

'^^CsQ 

1968-1969 

66 

0 

0 

0 

’®Y-FAP 

1969-1971 

101 

0 

0 

0 

’‘Y-FAP 

1970-1971 

108 

0 

0 

0 

^^Cc-FAP 

1967-1971 

126 

0 

0 

0 

’“Sr-FAP 

1970-1974 

124 

1 

1 

0 

^PuOj  (1.5) 

1974-1976 

84 

1 

1 

0 

^PuOj  (3.0) 

1973-1976 

84 

0 

0 

0 

^’PuOj  (0.75) 

1977-1979 

60 

5 

1 

4 

^’PuOj  (1.5) 

1977-1979 

108 

26 

5 

21 

“%02  (3.0) 

1977-1979 

84 

11 

3 

8 

3  mo. 

‘'”Cc-FAP 

1972-1976 

54 

2 

1 

1 

(immature) 

^®Pu02 

1979-1982 

108 

72 

6 

66 

8-10.5  yr. 

‘^Ce-FAP 

1972-1975 

54 

0 

0 

0 

(aged) 

“’PuOj 

1979-1982 

60 

0 

0 

0 

Began  at 

‘‘^Ce-FA? 

1973-1975 

36 

0 

0 

0 

12-14  mo. 

Repeated 

23%02 

1977-1988 

72 

13 

7 

6 

Repeated 

Total 

1508 

157 

26 

131 

II 


a.  Toxicity  Ot'  ^Sr  Inhaled  in  a  Relatively  Insoluble  Form  By  Bea{le  Dogs.  XiX. 

Study  Gintact:  M.  B.  Snipes 

To  deXennine  the  health  effects  resulting  from  inhalation  of  ^Sr  in  a  relatively  insoluble  form,  Beagle 
dogs  were  briefly  exposed  by  inhalation  to  ^Sr  in  lu.sed  <!uminosilicat?  particles  and  maintained  for  life-span 
observations.  One  hundred  and  six  dogs  had  ILB  of  ^Sr  :anging  from  0.0044-3.5  MBq/kg  body  weight  (0.12- 
96  |iCi/kg).  Eighteen  control  dogs  inhaled  fused  aluminosilicate  particles.  The  initial  12  blocks  of  dogs  were 
exposed  in  1970  and  1971.  The  last  six  blocks  of  dogs  were  exposed  to  lower  concentrations  of  ^Sr  in  1974, 
when  it  was  recognized  that  many  of  the  dogs  initially  e.xposed  died  of  radiation  pneumonitis  or  hemangiosarcomas 
of  the  lung  within  3  years  after  inhalation  exposure.  Specific  details  on  the  experimental  design  of  the  study, 
and  the  metabolism,  dosimetry,  and  biologic  effects  of  inhaled  ^Sr  are  presented  in  previous  annual  report*  from 
the  Institute,  particularly  in  LF-44  (1970-71),  LF-52  (1974-75)  and  LF-91  (1980-81). 

Annual  summaries  for  this  study,  including  a  synopsis  of  pathology  findings  for  each  dog  that  died,  have 
been  included  in  each  annual  report  since  LF-44  ( 1 970-7 1 ).  Tt.e  current  sUtus  of  this  study  is  shown  in  the  expc.  iuiental 
design  chart  given  in  Figure  6.  Exposure  information,  dosimetry  results,  and  major  findings  at  death,  are  givtii 
for  each  dog  in  Appendix  A.  Survival  data  are  summarized  in  Figure  7.  A  summary  of  the  major  findings  at 
death  is  given  in  Table  4. 

During  the  past  year,  the  last  living  dog  in  this  study  died.  Dog  762T,  a  female  control,  was  found 
dead  6025  days  after  inhalation  exposure  to  the  vector  aerosol.  This  dog  had  several  minor  clinical  problems 
during  its  lifetime.  Included  were  three  complex  mammary  adenocarcinomas,  a  simple  solid  mammary  carcinoma, 
three  complex  mammary  adenomas,  a  benign  mixed  mammary  tumor,  and  an  oral  malignant  melanoma  of  the 
spindle  cell  type.  An  ovariohysterectomy  was  perfortied  about  2  years  prior  to  death.  Uterine  lesions  consisted 
of  moderate,  cystic,  endometrial  hyperplasia  and  focal  adenomyosis.  Ovarian  lesions  consisted  of  bilateral  parovarian 
cysts  and  a  unilateral  (left)  benign  granulosa  cell  tumor.  Right  heart  enlargement  was  noted  6  months  prior  to 
death.  Hematuria  was  noted  about  5  months  prior  to  death. 


At  necropsy,  dehydration,  mineralization  of  coronary  and  splenic  arterioles,  osteopenia,  chronic  pyelonephritis, 
and  chronic  papillary  necrosis  were  all  consistent  with  a  primary  cause  of  death  of  renal  failure  associated  with 
chronic,  rtKxlerate,  pyelonephritis  with  mild  nephrocalcinosis.  Gironic  passive  congestion  in  the  liver  suggested 
right  heart  failure  but  ascites  and  clinical  liver  failure  weie  not  pre.sent  nor  were  there  gross  or  micro.scopic  lesions 
in  the  right  side  of  the  heart.  Moderate  arteriosclerosis  (amyloidosis)  of  arterioles  was  noted  in  the  pulmonary 
vasculature,  and  it  is  .speculated  that  right  heart  enlargement  and  decreased  function  was  secondary  to  pulmonary 
hypertension.  A  focal  scar,  most  likely  a  healed  infarct,  was  noted  grossly  in  the  left  ventricular  myocardium 
and  potentially  related  to  focal  intimal  hyperplasia  in  an  extramural  coronary  artery  and  multifocal  mineralization 
of  coronary  arterioles.  A  solitary  papillary  pulmonary  adenocarcinoma  of  the  right  apical  lung  lobe  was  an  incidental 
finding. 
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DAYS  SURVIVAL  AFTER  INHALATION  EXPOSURE 
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INITIAL  LUNG  BURDEN  (MBq  ^Sr/kg  Body  Mass) 


Figure  7. 


Relaiion-thip  hclwrcn  I  LB  of  ‘**’Sr  »n<J  «urv  iv»l  lime  for  Beagle  ilofi  dial  inhaled  ’’’’Sr  in  a  fu.«d 
alumino^ilicAle  mairu  (.Slaiu*  at  of  9-30-9I). 
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Table  4 


Summary  of  Major  Fiodiags  at  Dea'Jt  in  Dogi  Exposed  by  Inbalatioo  to  ^Sr 
in  Fused  Aluminosilicate  Particles  (Status  as  of  9-30-91) 


Number 
of  Dogs 

ILB* 

(MBq  *<’Sf/kg 
Body  Weight) 

Survival  Times 
(Days  after 
Exposure) 

Cumulative 
Radiation  Dose 
to  Lung  (Gy) 

Non-Neoplasia 

Lung 

33 

.0096-3.6 

139-2923 

10-990 

Bone  Marrow 

0 

- 

“ 

- 

Liver 

0 

- 

- 

- 

Other 

4 

,0044-.17 

3412-4938 

6.2-140 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

0 

“ 

■  - 

Lung 

2Qb,c,d,a 

.030-1.3 

644-5296 

44-720 

Nvol  Epithelium 

1 

.31 

2496 

'  310 

TBLN 

12* 

.C056-.28 

1807-4274 

7.7-310 

Heart 

14* 

.056-.63 

1461-3594 

85-580 

Rone 

I"* 

.34 

2733 

360 

Borss  Marrow 

0 

“ 

- 

Liver 

4 

.0044-.  10 

2301-4774 

5.5-110 

Other 

10^ 

.0056-.29 

1683-4824 

5.7-310 

Control 

Non-Necplasia 

Lung 

2 

- 

4375,3372 

- 

Bone  Marrow 

0 

“ 

- 

- 

Liver 

0 

- 

- 

- 

Other 

3^ 

- 

2338-6023 

- 

Neopluia 

" 

- 

“ 

Lung  Injury  with  Lung  Neoplasia 

0 

- 

- 

- 

Luag 

if 

" 

3680-<5023 

- 

Nasal  Epithelium 

0 

" 

” 

- 

TBLN 

0 

“ 

- 

- 

Heart 

1 

« 

4076 

- 

Bone 

0 

- 

- 

- 

Bone  Marrow 

0 

“ 

- 

- 

Liver 

1 

- 

3859 

- 

Other 

9 

.. 

3534-5407 

.. 

*ILB«  Initial  Ding  Burden 

'’One  dog  had  an  hetsangiosarcotna,  site  undermined,  and 
*Two  dogs  had  TLIIN  an  -i  lung  ntmort. 

‘*Ooe  dog  bad  bone  and  lung  tumors. 

*Ooe  dog  bad  heart  ar>d  lung  tumon. 

^Oae  dog  had  lung  carcinoma  and  pyelonephritis. 

a  pulmonary  adenoma. 
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b.  Toxicity  of  Inhaled  ^*Pu02  in  Beagle  Dogs.  XVII: 


i.  Monodisperse  l.S  fim  AM  AD  Particles. 

ii.  Monodisperse  3.0  AMAD  Particles. 

Study  Contact:  B.  A.  Muggenburg 

This  study  is  part  of  a  larger  investigation  of  the  potential  effect  of  different  alpha-radiation  dose  distnbutions 
in  the  lung  and  other  organs  upon  the  biological  effects  produced  in  Beagle  dogs.  Young-adult  dogs  of  both 
sexes  inhaled  one  of  two  sizes  of  momxlispersc  aerosols  of  ^*Pu02  resulting  in  graded  levels  of  ^*Pu  in  the 
lung.  All  of  the  dogs  have  been  studied  for  their  life  span.s.  Seventy-two  dogs  inhaled  monodisperse,  1.5  iim 
AMAD  aerosols  of  ^^PuOj,  and  72  dogs  inhaled  monodisperse  3.0  ;im  AMAD  aerosols.  The  ILB  of  ^*Pu 
ranged  from  37  to  0. 1 1  kBq.Irg  body  ma:»  (l.S  ftm)  and  55. S  to  0.37  kBq/kg  body  mass  (3.0  ;<m).  In  addition, 
24  dogs  inhaled  the  aerosol  vector  only  and  served  as  controls,  12  for  each  particle  size.  The  exposures  took 
place  from  1974  to  1976.  Specific  details  cn  the  expenmeiiLal  design  of  the  study,  medical  evaluation  of  the 
dogs,  and  the  metabolism  and  dosimetry  of  ^*Pu  are  presented  in  previous  annual  reports,  especially  the  1972- 

1973  Annual  Report,  LF-t6,  pp.  1-9  and  78-80;  1973-1974  Annual  Report,  LF-49,pp.  140-144;  1976-1977  Annual 
Report,  LF-58,  pp.  122-134;  and  1978-1979  Annual  Report,  LF-69,  pp.  9-13  and  122-133.  The  biological  effects 
have  been  presented  as  descriptions  of  the  clinical-pathology  findings  for  each  dog  in  the  annual  report  for  the 
year  in  which  the  dog  died.  Annual  summaries  for  this  study  have  also  been  included  in  all  annual  reports,  from 

1974  to  the  present. 

Experimental  designs  for  this  study  are  shown  schematically  in  Figures  8  and  9.  Exposure  information, 
dosimetry  results,  and  major  disea.ses  at  death  are  given  for  each  dog  in  Appendix  A.  Survival  data  for  dogs 
in  this  study  are  summanzed  graphically  in  Figure.s  10  and  II. 


Figure  8.  Experimental  design  for  dose-response  study  of  Beagle  dogs  exposed  by  inhalation  to  1.5  ^im  A.VIAD 
aerosols  of  ^^*PuOi  (Status  a:<  of  9-.t0-91). 
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Figure  11.  Survival  of  Beagle  dogs  that  inhaled  3.0  fim  AMAD  monodisperse  aerosols  of  ^^PuOj  (Status  as  of 
9-30-9 n 


Major  findings  for  all  dogs  in  the.se  studies  are  given  in  Tables  5  and  6.  The  last  living  dog,  which 
had  been  exposed  to  a  1.5  jim  aerosol  of  ^^PuOj.  died  during  the  past  year.  Dog  858A,  a  male,  was  euthanized 
with  liver  failure  5589  days  after  an  inhalation  exposure  rc.sulting  in  an  ILB  of  0.74  kBq  per  kg  body  mass.  Several 
minor  clinical  problems  were  noted  during  the  dog's  lifetime.  These  problems  included  spondylosis,  bilateral 
degenerative  joint  disease  of  the  hips  and  elbows,  a  lingual  fibropapilloma,  a  perianal  squamous  cyst,  two  episodes 
(  f  tachypnea,  radiographically  increased  pulmonary  interstitial  markings,  and  a  slowly  progre.ssive  heart  murmur. 
Increa-sed  numbers  of  band  neutrophils  were  noted  about  16  months  prior  to  death.  Mild  azotemia  and  mild  anemia 
were  noted  about  3  months  prior  to  death.  The  terminal  illness  resulting  in  euthanasia  was  manifc.sted  as  lateral 
recumbency,  anemia,  thrombocytopenia,  hyperglycemia,  azotemia,  hypoproteinemia,  hyperbilirubinemia, 
hypocalcemia,  and  elevated  liver  enzymes. 

At  necropsy,  the  dog  had  myeloproliferative  di.sea.se  with  involvement  of  the  liver,  spleen  and  multiple 
lymph  nodes.  The  disea.se  was  manifested  as  marked,  myeloid  hypercellulanty,  a  maturation  arrest  in  the  myeloid 
series,  increa.sed  numbers  of  marrow  blast  cell,  mcgakaryocytic  hyperplasia,  and  increased  numbers  of  immature 
megakaryocytes.  Secondary  to  the  tumor  was  a  severe,  multifocal  and  coale-scent  hepatic  necrosis  that  resulted 
in  the  liver  failure  which  produced  most  of  the  observed  clinical  .signs.  The  anemia  noted  clinically  wa.s  considered 
a  myelophthisic  anemia.  A  few  thi'orrbi  were  noted  in  ves.sels  and  sinu.soids,  and  the  thrombocytopenia  noted 
clinically  could  be  explained  both  by  increa.sed  platelet  consumption  and  decreased  production  in  the  neoplastic 
marrow.  Renal  failure  noted  clinically  wa.s  attributed  to  the  combined  effects  of  moderate,  multifocal, 
me.sangioproliferative  glomerulonephritis;  mild,  chronic  pyelonephritis;  and  nxxlerate  bilirubinuria  nephrosis.  The 
slowlv  progressive  heart  murmur  was  attributed  to  moderate  endocardiosis  of  the  left  atrioventncular  valve.  Incidental 
neoplasms  included  a  thyroid  follicular  adenoma.  .Mild,  multifocal,  fibrosis  of  the  lung  may  have  been  tieatment- 
a.s.sociated. 
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Suamary  of  Major  Fudiogs  at  Death  in  Does  Exposed  by  Inhalation  to  Aerosols  of 
Monodisperse  1.5  fim  Particles  of  ^*Pu02  (Status  as  of  9-30-91) 


ILB* 

Survival  Times 

Cumulative 

Number 

(kBq^*Pu/kg 

(Days  after 

Radiation  Dose 

of  Dogs 

Body  Weight) 

Exposure) 

to  Lung  (Gy) 

^^Pu-Exposed 

Non-Neoplasia 


Lung 

5** 

0.74-37 

536-4536 

3.8-74 

Bone  Marrow 

0 

“ 

- 

- 

Liver 

0 

- 

- 

_ 

Other 

yb.e 

0.11-14 

1104-5123 

0.20-35 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

I 

30 

1107 

47 

Lung 

13C.d.f 

0.37-32 

1245-5458 

0.4-54 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

0 

— 

~ 

- 

Bone 

46‘‘'* 

0.37-37 

1165-4761 

1.3-54 

Bone  Marrow 

0 

- 

- 

- 

liver 

0.37-6.7 

2416-5042 

O.S-11 

Other 

0.37-10 

3131-5694 

0.3-7.8 

SsnUsI 

Non-Neoplasia 

Lung 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

- 

- 

Liver 

1 

- 

3816 

~ 

Other 

5 

- 

820-5546 

- 

Neoplasia 

Lang  Injury  with  Lung  Neoplasia 

0 

- 

- 

- 

Lung 

2 

- 

4235,4746 

- 

Masai  Epithelium 

0 

- 

" 

- 

'fBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

~ 

- 

- 

Other 

4 

— 

4354-5879 _ 

— 

*rLB»Initial  lung  burden  based  on  whole-body  counting  of  **^Yb. 
^One  dog  had  pulmonary  injury  and  immune  hemolytic  anemia. 
‘’One  dog  had  a  lung  tumor  and  disc  protrusion. 

*^£ight  dogs  bad  lung  and  bone  tumors. 

*Tlsree  dogs  had  bone  and  liver  tumors. 

^One  dog  bad  lung  and  liver  tumors. 

*One  dog  had  a  liver  tumor  and  gingival  neoplasia. 

*"000  deg  had  myeloproliferstive  disease. 


Tables 


Sumnwry  of  Major  Fmdiogs  at  Death  in  Does  Exposed  by  InbaUtioa  to  Aerosols  of 


Moaodisperse  3.0  >tm  Particles  of 

^*Pu02  (Status  as 

of  9-30-91) 

Number 

1LB» 

(kBq^*Pu/lcg 

Survival  Times 
(Days  after 

Cumulative 
Radiation  Dose 

of  Dogs 

Body  Weight) 

Exposure) 

to  Lung  (Oy) 

^^IN-.E^pq^ 

Non>Neop(asia 

Lung 

4 

0.74-56 

631-4848 

4.1-92 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

-- 

Other 

|ja.f 

0.37-3.3 

1525-5788 

0.3-8.7 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

2 

19,30 

966,1683 

35,74 

Lung 

2ll>.4.*.f 

0.37-34 

1181-5788 

0.30-58 

Nasal  Epithelium 

0 

“ 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

45b.c 

0.74-34 

1125-4815 

1.0-53 

Bone  Marrow 

0 

“ 

- 

- 

Liver 

1* 

1.5 

3566 

4.0 

Other 

d-* 

0.74-1.5 

3043-4950 

1.0-4.3 

CpiUp?! 

Non-Neoplasia 

Lung 

I 

- 

4626 

- 

Bone  Marrow 

0 

“ 

" 

- 

Liver 

1 

- 

5453 

- 

Other 

5 

- 

1527-5410 

~ 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

0 

- 

- 

- 

Lung 

0 

“ 

- 

” 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

1 

- 

4141 

Bone 

0 

- 

- 

“ 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

_ Other _ 

_ 4 _ 

_ 

*ILB— Initial  lung  burden  based  on  whole-body  counting  of  *®^Yb. 

*^wc!vc  dog*  had  bone  and  lung  rumors. 

‘’One  dog  had  bone  and  liver  mmors. 

‘^One  dog  had  lung  and  tnaismary  mmors. 

"One  dog  had  ankylosing  spondylosis  and  lung  adenocarcinoma. 
^Onc  dog  had  disc  protrusion  and  lung  carcinoma. 
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c.  Toxicity  of  Inhaled  ^^PuOj  in  Beagle  Dogs.  XIII: 

i.  Monodisperse  0.75  /xm  AMAD  Particles. 

ii.  Monodisperse  1.5  /xm  AMAD  Particles. 

iii.  Monodisperse  3.0  /xm  AMAD  Particles. 

Study  Contact:  F.  F.  Hahn 

Studies  of  the  long-term  biological  effects  of  ^^Pu  are  being  conducted  because  ^^Pu  is  a  major  radionuclide 
in  most  nuclear  fuel  cycles  and  in  the  production  of  nuclear  weapons.  These  studies  also  directly  investigate  the 
importance  of  uniform  vs.  non-uniform  alpha  irradiation  of  the  lung.  Young-adult  dogs  of  both  sexes  inhaled 
one  of  three  sizes  of  monodisperse  aerosols  of  ^’PuOj;  0.75,  1.5,  or  3.0  /xm  AMAD.  Fony-eight  dogs  were 
exposed  to  0,75  /xm  AMAD  particles;  96  were  exposed  to  1.5  /im  AMAD  particles;  72  were  exposed  to  3.0  /xm 
AMAD  particles;  and  36  dogs  were  exposed  only  to  the  aerosol  vehicle.  The  initial  pulmonary  burdens  ranged 
from  0.03  to  74  kBq/kg  body  mass.  To  assess  the  plutonium  activity  initially  deposited  in  the  lung,  a  short¬ 
lived,  gaimna-emitting  radionuclide,  **^Yb,  was  incorporated  into  the  PuOj  aerosol,  and  whole-body  counts  were 
performed  up  to  120  days  after  exposure.  A  description  of  the  **’Yb  counting  technique  for  estimating  initial 
pulmonary  burdens  of  plutonium  was  reported  previously  (1979-80  Annual  Report,  LMF-84,  pp.  132-140).  The 
methods  used  to  prepare  the  monodisperse  aerosols  and  the  aerosol  exposure  procedures  were  described  in  the 
1976-77  Aimual  Report,  LF-58,  pp.  135-138.  The  experimental  design  charts  in  Figures  12-14  -how  the  present 
status  of  these  studies.  The  dogs  in  these  studies  are  being  maintained  to  study  the  biological  effects  that  may 
occur  throughout  their  lives,  and  the  procedures  for  health  evaluations  of  these  animals  have  been  described  (1978- 
79  Annual  Report,  LF-69,  pp.  134-140). 
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Figure  12.  Experimental  design  for  dog  study  with  0.75  /xm  AMAD  monodisperse  particles  of  (Status  as  of 

9-30-91). 
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Figure  13.  Experimental  design  for  dog  study  with  1.5  fim  AMAD  monodisperse  particles  of  ^’PuOj  (Stattjs  as  of 
9-30-91). 


Figure  14.  Experimental  design  for  dog  study  with  3.0  /im  A.MAD  monodisf>erse  particles  of  ^^’Pu02  (Status  as  of 
9-30-91). 
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Descriptions  of  the  major  clinical  and  pathology  findings  for  each  dog  have  been  included  in  the  annual 
report  for  the  year  in  which  the  dogs  died;  survival  data  are  summarized  in  Figures  15-17.  Exposure  information 
and  dosimetry  results  for  each  dog  are  given  in  Appendix  A. 

During  the  past  year,  9  dogs  died:  four  were  dogs  exposed  to  the  1.5  /xm  AMAD  particles;  two  were 
dogs  exposed  to  the  3.0  nm  particles;  and  three  were  control  dogs  exposed  to  the  aerosol  vehicle.  Summaries 
of  the  major  clinical  and  pathological  findings  are  presented  below.  As  of  September  30,  1991,  200  exposed 
and  19  control  dogs  from  these  three  studies  have  died.  The  major  fmdings  at  death  from  all  of  these  dogs  are 
summarized  in  Tables  7-9.  We  continue  to  observe  the  16  plutonium-exposed  dogs  and  17  control  dogs  that 
remain  alive  at  13-to-15  yr  after  exposure. 

Four  dogs  that  inhaled  1.5  /im  AMAD  aerosols  of  ^’Pu02  died  during  the  past  year.  Fourteen  dogs 
that  inhaled  ^®Pu02  in  this  size  aerosol  remained  alive  on  September  30,  1991. 

Dog  1097 A,  a  male,  was  euthanized  4643  days  after  an  inhalation  exposure  that  resulted  in  an  ILB  of 
0.23  kBq  per  kg  body  mass.  The  dog  had  several  clinical  problems  during  its  lifetime.  A  moderate  to  marked 
pulmonary  interstitial  infiltrate  was  noted  twice,  and  a  mild  increase  in  pulmonary  interstitial  markings  was  noted 
once.  Because  of  confirmed  hypothyroidism,  the  dog  was  placed  on  synthroid  60  months  before  death.  Cardiomegaly 
was  first  noted  about  41  months  before  death.  About  30  months  before  death,  the  dog  developed  a  transient  episode 
of  hemorrhagic  enteritis.  Renal  disease,  noted  4  months  before  death,  was  persistent.  The  terminal  illness  began 
with  the  notation  of  a  lung  tumor  about  8  months  before  death.  The  pulmonary  neoplasm  grew  progressively 
and  resulted  in  euthanasia. 


At  necropsy,  a  primary,  papillary  adenocarcinoma  was  found  in  the  right  diaphragmatic  lung  lobe.  The 
adenocarcinoma  metastasized  within  the  right  diaphragmatic  lung  lobe,  and  a  papillary  adenocarcinoma  of  the  right 
cardiac  lung  lobe  was  also  considered  a  metastasis.  A  papillary  adenocarcinoma  of  the  left  apical -cardiac  lung 
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Figure  15.  Survival  of  dogs  that  inhaled  0.75  fim  AMAD  monodisperse  particles  of  ^^^Pu02  (Status  as  of  9-30-91). 
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T*ble7 

Summary  of  Major  Findings  at  Death  in  Don  Exposed  by  Inhalation  to  Aerosols  of 
Mooodisperse  0.75  fim  Particles  of  ^^PuOj  (Status  as  of  9-30*91) 


Number 

ILB* 

(IcBq  “®Pu/kg 

Survival  Times 
(Dsys  after 

Cumulative 
Radiation  Dote 

of  Dogs 

Body  Weight) 

Exposure) 

to  Lung  (Gy) 

^^-Exoosed 

Non-Neoplasia 

Lung 

7 

0.7-7.4 

891-4526 

6.0-41 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

Other 

1 

2.0 

2007 

15 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

10 

2.0-6.7 

1467-274! 

13-31 

Lung 

26h.c.d 

0.22-5.6 

1961-4618 

2.0-26 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

Liver 

0 

- 

- 

- 

Other 

0.30-5.6 

1961-3970 

2.8-23 

Control 

Noo-Neoplasia 

Lung 

2 

- 

3349,4375 

- 

Bone  Marrow 

0 

- 

- 

“ 

Liver 

0 

- 

- 

- 

Other 

5 

- 

1893-4977 

~ 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

0 

~ 

- 

- 

Lung 

0 

- 

” 

- 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

“ 

Heart 

0 

- 

- 

- 

Bone 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

_ Other _ 

_ 1 _ 

_ 

'ILB= Initial  lung  burden  based  on  whole-body  counting  of 
’’One  dog  had  a  lung  tumi't  and  a  brain  meningioma. 

'One  dog  had  a  lung  tumor  and  a  fibrosarcoma  in  the  mediastinum. 
^Ooe  dog  bad  a  lung  tumor  and  a  muscle  fibrosarcoma. 
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Table  8 


Suausary  of  Major  Findings  at  Death  in  Dot 

^  Exposed  by  Inbalatioa  to  Aerosols 

cf 

Monodisperse  1 .5  nm  Particles  of  ^ 

^’PuOj  (Status  as  of  9-30-91) 

ILB'  Survival  Times 

Cumulative 

Number 

(kBq  ^’Pu/kg  (Days  after 

Radiation  Dote 

of  Doga 

Body  Weight)  Exposure) 

to  Lung  (Gy) 

H?Eii-Eagq5c4 


Noo-Neopluia 


Lung 

34b 

1.6-37 

152-3068 

5.6-59 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

Other 

3 

0.15-0.56 

1109-4430 

1. 5-4.3 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

19 

0.63-15 

1333-3945 

4.9-49 

Lung 

16<= 

0.15-7.0 

2340-5309 

1.5-51 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

1 

0.85 

4860 

7.1 

Bone  Marrow 

0 

- 

- 

- 

Liver 

1 

0.48 

4516 

0.40 

Other 

10>».c 

0.067-3.7 

973-5309 

0.55-15 

CgnteJ 

Non-Neoplasia 

Lung 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

Other 

3 

“ 

4342-5216 

- 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

0 

- 

- 

- 

Lung 

0 

- 

- 

- 

Nasal  Epithelium 

0 

- 

- 

“ 

TBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

1 

- 

3472 

“ 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

Other 

1 

-- 

4503 

.. 

*ILB=« Initial  lung  burden  based  on  whole-body  counting  of  *®^Yb. 
'’One  dog  had  lung  injury  and  a  kidney  carcinoma. 

^Oee  dog  had  lung  carcinoma  and  laryngeal  carcinoma. 
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Table  9 


Summary  of  Major  Fiodings  at  Death  in  Dors  Exposed  by  Inhalatioo  to  Aerosols  of 
Monodispene  3.0  pm  Particles  of  ^^Pu02  (Status  as  of  9-30-91) 


Number 
of  Dogs 

ILB* 

(kBq  “’Pu/lcg 
Body  Weight) 

Survival  Times 
(Days  after 
Exposure) 

Cumulative 
Radiation  Dose 
to  Luog  (Gy) 

Noo-Neoplasia 

Lung 

29 

3.7-74 

105-1658 

24-77 

Bone  Marrow 

0 

- 

- 

Liver 

0 

- 

- 

- 

Other 

2« 

0.41. 0.S2 

4397,5227 

4.3,5.6 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

10 

2.2-16 

1355-2900 

13-84 

Lung 

28h.c 

0.37-13 

1108-5227 

3.9-83 

Nasal  Epithelium 

0 

- 

- 

TBLN 

0 

- 

- 

Heart 

0 

- 

- 

Bone 

0 

- 

- 

*• 

Bone  Marrow 

0 

- 

•« 

- 

Liver 

0.S5 

4355 

9.4 

Other 

2 

0.22,1.5 

2871,4536 

2.5,13 

Canlnz] 

Nod-NeopUsia 

Lung 

0 

- 

- 

- 

Bone  Marrow 

0 

~ 

~ 

- 

Liver 

0 

- 

- 

- 

Other 

3 

- 

1950-4971 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

0 

~ 

Lung 

0 

- 

- 

Nasal  Epithelium 

0 

- 

” 

TBLN 

0 

- 

“ 

Heart 

0 

~ 

- 

Bone 

0 

- 

- 

Bone  Marrow 

0 

- 

- 

Liver 

0 

~ 

.. 

Other 

3 

— 

4473-4587 

*1LB  *  Initial  lung  burden  based  on  whole-body  counting  of 
^Ofie  dog  had  lung  and  liver  tumors. 

'One  dog  had  congestive  heart  failure  and  lung  carcinoma. 


lobe  was  considered  primary,  but  incidental.  A  unilateral,  adrenal,  conical  carcinoma  metasla.sized  to  the  left 
diaphragmatic  lung  lobe.  Plutonium-associated  lesions  included  marked  atrophy  of  the  tracheobronchial  lymph 
node  and  multifocal,  moderate,  pulmonary  interstitial  fibrosis  with  associated  alveolar  epithelial  cell  hypenrophy 
and  hyperplasia  and  mild  infiltration  of  mononuclear  inflammatory  cells.  Clinical  hypothyroidism  was  attributed 
to  marked  thyroid  atrophy  and  mild,  lymphoplasmacytic  thyroiditis.  Clinical  renal  di.seasewasaltnbuted  to  moderate, 
chronic  pyelonephritis. 

Dog  il30S,  a  female,  was  found  dead  4(30  days  after  an  inhalation  exposure  which  resulted  in  II.B 
of  0.15  kBq/lcg  body  mas.s,  Thi.s  dog  had  few  clinical  problems  during  its  lifetime.  Radiographically,  increased 
interstitial  markings  were  noted  in  the  lungs  four  times.  The  dog  had  clinical  hypothyroidism  which  was  confirmed 
72  mo  before  death.  Spondylosis  was  present  at  T^.ij,  Lj  j,  and  L4.5.  On  the  day  of  death,  the  dog 
was  dyspneic  and  tachypneic. 

At  necropsy,  abundant  fluid  was  in  the  thoracic  cavity  and  contained  frequent  brownish-yellow  granules 
(’.sulfur  granules’)  consistent  with  infection  due  to  Norardia  or  Actiiumycft.  Pulmonary  lesions  were  manife.stc«l 
as  moderate,  chronic-active,  septic  pleuropneumonia  characten/ed  hy  moderate  to  marked,  proliferative  pleuritis; 
interstitial  pneumonia;  and  pyolhorax.  A  fiaus  of  adenomatous  hyperplasia  was  noted  in  the  left  diaphragmatic 
lung  lobe.  Moderate  atrophy  of  the  tracheobronchial  lymph  node  was  considered  exposure  related.  Clinical 
hypothyroidism  was  attributed  to  severe,  idiopathic  thyroid  atrophy. 

Dog  972D,  a  male,  was  found  dead  S309  days  after  an  inhalation  exposure  that  resulted  in  an  ILB  of 
0.15  kBq  per  kg  htxly  mass.  Clinically,  a  few  minor  pr(>blcms  were  noted  during  the  dog’s  lifetime.  These 
included  decreased  renal  function  which  was  noted  24  mo  before  death.  The  dog  also  had  degenerative  joint  disease 
which  involved  both  hips  and  the  left  elbow.  Spondylosis  and  rtarmwed  disc  spaces  were  nrited 
L|.  and  L1.5.  The  terminal  illness  presented  23  days  before  death  with  clinical  .«i|tH  of  anorexia,  tachypnea, 
and  moist  lung  sounds. 

At  necropsy,  all  lung  lobes  were  heavy,  dark  rod.  wet.  and  consolidated.  Approximately  300  mis  of 
serosanguineous  fluid  were  in  (he  thoracic  cavity.  .Microscopically,  a  metasUtic  papillary  aJemKarcinoma  was 
found  in  the  lung,  tracheobronchial  lymph  node,  mediastinal  lymph  node,  sternal  lymph  node,  hepatic  lymph  mxJe. 
luniai  ntuicularh  of  the  esophagus,  and  vertebrae.  The  mcUstaiic  adcmKarcinoma  was  consistent  with  a  neoplasm 
of  pulmonary  origin,  hut  the  pnmary  was  not  found.  In  the  larynx,  a  papillary  nc-oplasm  protrudi-d  into  the  airway 
lumen  from  the  'talk  cf  the  epiglottis  and  undoubtedly  coniributs-d  to  respiratory  failure  m  this  dog.  Microscopically, 
the  laryngeal  twiplasm  was  a  squamous  cell  carcinoma  Renal  lesions  mcludeil  multi fival.  moderate  glonaTulonephnIis; 
a  fibroma;  and  multifocal,  mild,  chronic  pyelonephritis.  These  renal  lesions  were  considered  re'fsinsible  for  the 
decreased  renal  function  noted  clinically. 

Dog  1022V,  a  female,  was  tound  dead  4‘)68  days  alter  an  inhalation  exposure  that  resulted  in  ILB  of 
0.026  kBq  per  kg  NxJy  mass.  A  few  minor  clinical  problems  were  noted  during  the  lifetime.  Ijcukopenia  and 
polycythemia  were  (s.-caMonally  obs<Tved  and  spondylosis  developed  as  the  dog  aged.  Tachypnea,  which  was 
first  observed  112  mo  before  death,  was  recurrent.  An  increased  iniefslilul  lung  pallem  was  first  seen  about 
56  mo  before  death,  and  right  sided  cardiomegaly  was  first  notid  about  mo  hetore  death. 

At  necropsy,  approximately  5(X)  mis  of  (Imd  were  in  the  thoracic  casity,  and  the  fluid  was  considerid 
responsible  for  death  by  ic'piralory  failure.  The  hvdroihotax  was  M-condary  to  obstruction  of  pulmonary  lymphatics 
by  (umor  emboli  origtnaling  from  a  simple,  vdd  cani.-oma  o(  the  lell  cranial  ncimmaty  chain  The  mammary 
carcinoma  had  meta'lasi/ed  to  the  sternal  lymph  nide  Moderate  atrophy  of  the  Itacbes'bo'n-.  hial  Icmph  nixie 
was  considcresj  related  to  “’'*PuO,.  A  pituitary  chronx'phoK-  adenoma  and  a  ihyroid  micri'toIlKular  adenoma 
were  considend  incidental  due  to  the  absence  of  assixiateJ  clinical  signs 

Two  di'c’s  that  inhaled  -'T’uf),  in  V'"  AM, -Ml  ;lk*!(i*s4»N  Jk’J  JuTtnv?  )C4f.  CHpOH*!! 

r<)  this  atTOM)!  alive  on  sSfptfniK-r  ?0.  . 


Dog  1138S,  a  female,  was  euthanized  with  heart  failure  4397  days  after  an  inhalation  exposure  which 
resulted  in  an  ILB  of  0.52  kBq/Vg  body  mass.  Non-progressive  radiation  pneumonitis/pulmonary  fibrosis  was 
first  noted  more  than  48  mo  before  death.  A  grade  IlI/VI  heart  murmur  was  first  detected  41  days  after  the  diagnosis 
of  radiation  pneumonitis.  An  episode  of  liver  disease  manifested  as  leukocytosis  with  concomitant  elevation  of 
SAP,  SGPT,  and  bilirubin  developed  approximately  36  mo  before  death.  Heart  failure  developed  277  days  before 
death  and  .v>s  progressive.  Euthanasia  was  performed  because  of  uncontrollable  ascites. 

Necropsy  findings  were  consistent  with  death  due  to  heart  failure.  Cardiac  alterations  were  manifested 
as  bilateral  ventricular  dilation,  a  "jet  lesion"  on  the  right  AV  valve,  and  alterations  of  myocardial  structure  classified 
as  dilatative  cardiomyopathy  and  characterized  by  disorganization,  anisokaryosis,  degeneration,  and  steatosis  of 
the  myocardium.  Ascites  was  considered  secondary  to  right-sided  heart  failure.  Pulmonary  manifestations  of 
left-sided  heart  failure  were  consistent  with  chronic  cardiogenic  edema  but  some  of  the  interstitial  fibrosis,  alveolar 
epithelial  hyperplasia,  and  squamoas  metaplasia  was  considered  exposure  related.  Severe  atrophy  of  the  tracheobronchial 
lymph  node  was  typical  of  ^^Pu02  exposure.  A  benign  granulosa  cell  tumor  was  in  an  ovary  and  a  complex 
tubular  adenocarcinoma  was  in  the  Lj  mammary  gland.  Consistent  with  the  history  of  prior  liver  di.sease,  the 
liver  had  mild,  telangiecta.sia,  and  moderate,  biliary  hyperpla.sia  with  frequent  interstitial  fibrosis  which  sometimes 
progressed  to  bridging  fibrosis. 

Dog  963B,  a  male,  was  found  dead  5227  days  after  an  inhalation  exposure  that  resulted  in  an  ILB  of 
0.41  kBq  per  kg  body  mass.  The  dog  had  a  long  clinical  hi.story  of  heart  di.sea.se  manifested  as  cardiomegaly 
and  a  heart  murmur  of  increasing  severity.  The  third  digit  of  the  right  front  foot  was  surgically  amputated  36 
mo  before  death  as  a  result  of  chrcnic-active  inflammation.  Multiple  skin  masses  were  removed  24  mo  before 
death  and  included  multiple  foci  of  adenomatous  hyperplasia  and  two  .sebaceous  adenomas.  A  lipoma  was  removed 
from  the  sternum  12  m<i  before  death.  Spondylosis  of  Tn.|2.  T13-L,.  and  Lj.j  and  a  mediastinal  density  were 
noted  102  days  before  death.  The  dog  developed  a.scites  10  days  before  death.  The  BUN  was  elevated  the  following 
day. 


At  necropsy,  the  dog  had  multiple  manifestations  of  heart  failure.  These  included  ascites,  hydrothorax, 
chronic  passive  congestion  of  the  liver,  cardiomegaly,  mixlerate  endocardiosis  of  the  left  and  right  atriovenlncular 
valves,  and  a  chronic  right  ventricular  infarct.  Diseases  contributing  to  (he  impairment  of  gas  exchange  were  1 ) 
moderate,  pulmonary  interstitial  fibrosis  with  a-SMKiated  alveolar  epithelial  cell  hypertrophy  and  hyperplasia  and 
alveolar  histiocytosis  (consistent  with  radiation  pneut4ionitis);  and  2)  a  pnmary  pulmonary  adenocarcinoma  of  Ihe 
left  diaphragmatic  lung  lobe  with  metastasis  to  the  right  cardiac  lung  lobe.  Severe  atrophy  was  in  the  tracheobronchial 
lymph  node  and  was  typical  of  ^■*‘*Pu02  exposure,  ^n  adenoma  of  the  p<tn  intermedia  was  in  the  pituitary. 

Three  dogs  that  served  as  controls  for  these  studies  died  during  the  pa.st  year.  As  of  September  30,  1991 . 
17  contrtil  dogs  remained  alive  in  Ihe  three  studies  of  •■^'’PuOj  in  young  adult  dogs. 

Dog  11310,  a  male  control,  was  euthanized  4375  days  after  inhalation  exposure  to  the  vector  aerosol. 
Persistent  tachypnea  was  first  noted  96  mo  before  death.  An  increase  in  the  interstiti.sl  lung  pattern  was  first 
noted  approximately  72  mo  before  death.  The  dog  was  diagnosed  with  bronchitis  1 1  days  before  death.  Tliree 
days  later,  the  dog  was  found  to  have  a  biNleral  pulmonary  infiltrate,  cardiomegaly,  and  a  mass  in  the  left  apical 
lung  lobe.  The  dog  was  euthanized  after  he  failed  to  respond  to  antibiotic  therapy. 

At  necropsy,  the  dog  had  a  collapsed  trachea;  moderate,  chronic-active  tracheitis  with  fival  s<(uamous 
metaplasia  and  multifiKal  ulceration;  bronchiectasia;  and  nurked,  chnmic-active  bronchopneurrionia  with  syncytia 
formation  and  hronchiolitif  ohliieriin.t.  Lesions  secondary  to  the  bronchopneumonia  included  dilation  of  the  right 
ventricle  of  the  heart,  eversion  of  the  saccutu.\  larynitit,  hyperplasia  of  the  myeloid  series  of  the  Kme  marrow, 
and  suppurative  lymphadenitis  of  multiple  lymph  nodes. 

Dog  lOlOA,  a  male  control,  was  euthanized  with  seizures  5216  days  after  exposure  to  the  vector  acrovil. 
The  dog  had  several  minor  clinical  problems  during  its  lifetime.  These  included  a  transiently  elevated  SGPT  me, re 
than  120  mo  before  death.  mildly  elevated  BUN  was  noted  twice,  60  mo  and  12  mo  K-tore  d-.-ath.  heart 
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murmur  was  noted  approximately  45  mo  before  death.  Dental  di.sea.se  was  also  present.  The  dog  suddenly  developed 
status  epilepticus  2  days  before  death.  Becau.se  seizures  recurred  each  lime  the  dog  recovered  from  treatment- 
a.ssociatt'd  anesthesia,  the  dog  was  euthanized. 

At  necropsy,  an  astrocytoma  of  the  anterior  left  cerebrum  was  con-sidered  responsible  for  the  seizures. 
An  anaplastic  focus  in  the  prostatic  urethra  was  interpreted  as  an  in  situ  and  invasive  transitional  cell  carcinoma 
of  the  prostatic  urethra. 

Dog  999T,  a  female  control,  died  4972  days  after  exposure  to  the  vector  aerosol.  The  dog  had  a  few 
clinical  problems  during  its  lifetime.  These  included  medial  patellar  luxation,  degenerative  joint  disease  of  the 
left  stifle,  a  grade  IMII/Vl  sy.stolic  heart  murmur,  spondylosis  of  T,j-L|,  Ljj,  ^-Sj,  and  herniation  of  an 
intervertebral  disc  at  Lj  j.  Glaucoma  was  noted  i.n  the  nght  eye  9  mo  before  death.  The  right  eye  was  enucleated 
43  days  later,  and  an  ocular  malignant  melanoma  was  found  on  histopathologic  examination.  Radiographs  sugge.sted 
the  presence  of  a  pulmonary  nodule  13  jays  before  death.  The  dog  was  anesthetized  for  follow-up  radiographs 
on  the  day  of  death,  anesthetic  recover',-  //a:  difficult,  and  the  dog  was  found  dead  later  that  day. 

At  necropsy,  the  immediate  cau.se  of  death  was  attributed  to  acute,  fihrinosuppurative  bronchopneumonia, 
consistent  with  aspiration  pneumonia,  which  was  primarily  localized  to  the  left  cardiac  lung  lobe.  The  ocular 
malignant  melanoma  had  pnxluced  widespread  metastases  which  undoubtedly  predisposed  this  dog  to  aspiration 
pneunvinia.  Metastases  were  found  in  the  lung,  liver,  pancreas,  kidney,  ovary,  tracheobronchial  lymph  node, 
.sternal  lymph  node,  femur,  vertebra,  nb,  adrenal  gland,  and  pituitary.  .A  granulosa  cell  tumor  wa.s  in  one  ovary, 
and  solid  and  microfollicular  adenomas  were  in  the  left  thyroid. 


d.  Toxicity  of  ’’’^Ce  Inhaled  in  a  Relatively  ^soluble  Form  by  Immature  Beagle  Dogs.  XX. 
Study  Contact:  B.  B.  Boecker 


Immature  Beagle  dogs  (3  mo  old)  received  single,  brief  inhalation  exposures  to  ''*^Cein  fused  aluminosilicate 
particles  as  part  of  the  ITRl  studies  on  the  effects  of  age  at  exposure  on  the  resulting  dose-response  relationships, 
and  are  being  followed  for  life-span  observations.  The  study  is  comprised  of  49  dogs  that  inhaled  graded  levels 
of  **^Ce,  resulting  in  ILB  that  ranged  from  0.00015-5.2  MBq/kg  body  weight  (C. 004-140  /rCi/kg),  and  five  control 
dogs  that  inhaled  fused  aluminosilicate  particles  without  *^Ce.  The  exposures  took  place  in  1972,  1973  and  1976. 
Specific  details  u.i  experimental  design  considerations,  metabolism  and  dosimetry  of  the  inhaled  ''^Ce,  and  early 
occurring  biological  effects  were  presented  in  previous  annual  reports  from  this  Institute,  especially  in  LF-45  (1981- 
1972).  LF-46  (1972-1973),  and  LF-49  (1973-1974). 

Annual  summaries  for  this  study  have  also  been  included  in  all  other  annual  reports  to  the  present  time. 
The  current  status  of  this  study  is  shown  in  the  experimental  design  chart  given  in  Figure  18.  Exposure  information 
and  dosimetry  results  are  given  for  each  dog  in  Appendix  A.  Survival  data  for  dogs  in  this  study  are  summarized 
graphically  in  Figure  19.  During  the  past  year,  one  *^Ce-exposed  dog  died.  A  summary  of  the  major  clinical 
and  pathological  findings  is  preser.ted  below.  As  of  September  30,  1991,  48  ’‘*^Ce-exposed  dogs  and  all  five 
control  dogs  have  died  or  have  been  euthanized.  A  summary  of  the  major  findings  in  these  dogs  at  death  is  given 
in  Table  10.  Observations  continue  on  the  one  '*^Ce-exposed  dog  remaining  alive  at  about  15  yr  after  exposure. 
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Figure  1 S.  Experimental  design  for  studying  the  effects  of  ’"‘^Ce  in  fused  alulminosilicate  particles  inhaled  by 
immature  (3  mo  old)  Beagle  dogs  (Status  a.s  of  9-30-91). 
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Figure  19.  Relationships  between  ILB  of  of  ’'*^Ce  and  survival  lime  for  Beagle  dogs  that  inhaled  ’'*'*Ce  in  fu.sed 
aluminosilicate  particles  when  they  were  immature  (3  mo  old)  (Status  as  of  9-30-91), 


Dog  101 SU,  a  female,  wa.s  found  dead  5 390  days  after  exp<vsure  to  an  aerosol  of '^Cc  in  fused  aluminosilicate 
particles  that  resulted  in  an  ILB  of  0.037  .MBq  per  kg  body  mass.  The  dog  had  .several  minor  clinical  problems 
during  its  lifetime.  These  included  three  episodes  of  leukocytosis,  an  epis<xie  of  rhythmic  asystole,  endometritis, 
and  spondylosis  of  the  7  and  Lj  j  vertebrae.  She  had  an  inguinal  hernia  repair  performed  139  days  pnor  to 
death,  and  a  tcKJth  extraction  was  performed  72  days  prior  to  death.  Seizures  were  noted  twice,  at  1 1  days  and 
I9mopnortodeath.  The  day  before  death,  the  dog  had  azotemia,  hyperphosphatemia,  hypocalcemia,  hypoalbuminewiia, 
increased  serum  creatinine,  increased  serum  alkaline  phosphatase,  and  leukocytosis.  A  grade  IV/VI  heart  murmur 
appeared  suddenly  the  day  before  death. 

At  necropsy,  the  dog  had  rmxlerate.  diffuse,  fihrinosuppurative.  interstitial  pneumonia  with  fibrinosuppurative 
alveolitis.  The  dog  also  had  moderate,  nonsuppurative,  interstitial  nephritis,  which  was  considered  the  prinury 
cau.se  of  death.  Debilitation,  hypoalbuminemia,  hyperphosphatemia,  and  uremia  most  likely  predisposed  this  dog 
to  the  development  of  interstitial  pneumonia.  Decreased  cardiac  function  was  considered  a  major  contributing 
disease,  and  while  a,s,s<x,iated  with  marked  hepatic  congestion,  the  only  cardiac  lesion  present  microscopically  was 
mild,  liKalized,  nonsuppurative  myocarditis.  Neither  the  grossly  observed  mild,  localized  endiKardiosis  nor  the 
microscopically  observed  myiKardilis  seemed  sufficient  to  explain  the  decreased  cardiac  function.  Pulmonary 
hypertension  secondary  to  the  interstitial  pneumonia  rmiy  have  priHluced  secondary  cardiac  failure.  An  adenoma 
of  the  exocrine  pancreas  was  an  incidental  finding  at  necropsy.  Bilateral  cortical  adenomas  were  in  the  adrenal 
gland. 


Table  10 


Sumtnary  of  Maior  Fmdlags  al  Death  in  Immature  (3  mo  old)  Dogs  Exposed  by  Inhalatioo 
to  ‘^^Ce  in  Fused  Alumonisilicate  Particles  (Status  u  of  9-30-91) 


Number 
of  Dogs 

ILB* 

(MBq  *^Ce/kg 
Body  Weight) 

Survival  Times 
(Days  after 
Exposure) 

Cumulative 
Radiation  Dose 
to  Lung  (Gy) 

Non-Neoplasia 

Lung 

9 

.00015-5.2 

66-5338 

0.017-270 

Bone  Manow 

0 

- 

~ 

- 

Liver 

1 

.00048 

4765 

0.054 

Other 

9 

.00089-1.3 

1520-5802 

0.11-150 

Neoplasia 

Luog  Injury  with  Lung  Neoplasia 

0 

- 

- 

- 

Lung 

13>> 

.032-2.9 

618-5932 

2.9-310 

Nasal  Epithelium 

1 

0.22 

5387 

33 

TBLN 

d** 

0.44-1.4 

1227-2813 

51-180 

Heart 

0 

- 

- 

- 

Booe 

0 

~ 

“ 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

“ 

- 

Other 

£.9atrpJ 

12 

.00022-1.8 

1732-5642 

0.024-220 

Non-Neoplasia 

Lung 

0 

“ 

- 

- 

Booe  Marrow 

0 

- 

- 

“ 

Liver 

0 

- 

- 

- 

Other 

4 

- 

1378-5362 

- 

Neoplasia 

0 

- 

” 

- 

Luog  Injury  with  Lung  Neoplasia 

0 

- 

" 

- 

Luog 

0 

- 

- 

Nasal  Epithelium 

0 

- 

- 

TBLN 

0 

- 

” 

Heart 

0 

” 

- 

Booe 

0 

- 

- 

Booe  Marrow 

0 

- 

- 

Liver 

0 

- 

- 

- 

Other 

1 

.. 

4213 

.. 

*1LB  ”  Initial  Lung  Burden 

^One  dog  had  lung  and  TBLN  tumors. 
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e.  Toxicity  of  in  Imnuture  Beagle  Dogs.  XII. 

Study  Contact:  R.  A.  Guilmeite 

As  part  of  the  ITRI  studies  on  the  effects  of  age  at  exposure  on  the  resulting  dose-response  relationships, 
immature  Beagle  dogs  (3  mo  old  at  exposure)  received  single,  brief  inhalation  exposures  to  a  monodisperse  aerosol 
of239pu02  (1.5  fim  AMAD)  and  are  being  followed  for  life-span  observations.  TTie  experimental  design  consists 
of  blocks  of  12  dogs,  each  exposed  to  graded  activity  levels  of  ^^’Pu  that  ranged  from  20.7  to  0.0085  kBq/kg 
body  mass;  there  were  eight  activity  levels,  with  a  total  of  96  exposed  dogs.  Twelve  control  dogs  exposed  only 
to  the  aerosol  vehicle  were  also  included  in  the  experiment.  Two  blocks  of  dogs  were  exposed  in  1978.  After 
a  2-yr  break  in  exposures  because  of  a  colony  outbreak  of  parvovirus  enteritis,  exposures  were  resumed  in  1980 
and  continued  through  1982.  Specific  details  on  experimental  design  considerations,  metabolism  and  dosimetry 
of  the  inhaled  ^^*Pu,  and  early  occurring  biological  effects  have  been  presented  in  previous  annual  reports  from 
this  Institute,  especially  in  LF-69,  LMF-102,  LMF-113,  LMF-114,  and  LMF-115.  Annual  summaries  for  this 
study  have  also  been  included  in  all  other  annual  reports  to  the  present  time. 

The  current  status  of  this  study  is  shown  in  the  experimental  design  chart  given  in  Figure  20.  Exposure 
information  and  dosimetry  results  are  given  for  each  dog  in  Appendix  A.  Survival  data  for  dogs  in  this  study 
are  summarized  graphically  in  Figure  21.  During  the  past  year,  six  Pu-exposed  dogs  died;  no  control  dogs  died. 
Summaries  of  the  major  clinical  and  pathological  findings  are  presented  below.  As  of  September  30,  1991,  there 
were  55  experimental  and  1 1  control  dogs  alive  on  this  study,  A  summary  of  the  major  findings  in  the  dogs 
at  death  is  given  in  Table  1 1.  We  continue  to  observe  the  dogs  remaining  alive  at  8.6  to  12.2  yr  after  exposure. 
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Figure  21.  Relationship  between  initial  lung  burden  of  ^^Pu02  and  survival  time  for  immature  dogs  (Status  as  of 
9-30-91). 

Dog  1337U,  a  female,  was  euthanized  3649  days  after  exposure  to  an  ILB  of  5.9  kBq  per  kg  body  weight. 
She  had  an  uneventful  clinical  history  until  primary  lung  tumors  were  diagnosed  radiographically  75  days  before 
death.  Six  weeks  before  death,  anorexia  and  progressive  anemia  were  noted,  and  the  dog  became  progressively 
more  debilitated.  Euthanasia  was  recommended. 

At  necropsy,  pulmonary  papillary  adenocarcinomas  were  present  in  the  left  apical  and  left  diaphragmatic 
lung  lobes.  Tumor  emboli  within  the  lymphatics  and  vasculature  suggested  intrapul monary  metastasis.  Other 
relevant  pulmonary  lesions  included  multiple  areas  of  pleural  and  septal  fibrosis  and  alveolar  epithelial  hyperplasia 
with  atypia.  Lymphoid  depletion,  fibrosis,  and  anthracotic  pigment  were  evident  in  the  tracheobronchial  lymph 
node.  Incidental  necropsy  findings  included,  a  benign  mixed  mammary  tumor,  nodular  adrenal  cortical  hyperplasia, 
and  focal  C-cell  hyperplasia  of  the  thyroid. 

Dog  1324T,  a  female,  was  euthanized  3514  days  after  exposure  to  an  ILB  of  2.6  kBq  per  kg  body  weight, 
because  of  worsening  tachypnea  and  coughing  secondary  to  a  primary  lung  tumor.  The  lung  tumor  was  initially 
diagnosed  radiographically  200  days  before  death.  Polycythemia,  neutrope.nia  and  lymphopenia,  and  an  increased 
pulmonary  interstitial  pattern  werT  noted  since  42  mo  before  death. 

Necropsy  revealed  a  large  idenosquamous  pulmonary  carcinoma  involving  the  left  apical  lobe.  Extensive 
lymphatic,  vascular,  and  aerogenous  metastases  were  evident  in  all  lung  lobes  examined  microscopically.  Metastases 
were  morphologically  that  of  a  papillary  adenocarcinoma.  Focal  metastases  to  the  tracheobronchial  lymph  nodes 
were  also  present.  Other  incidental  findings  included  a  unilateral  adrenal  cortical  adenoma,  a  benign  mammary 
gland  tumor,  and  multiple  hepatic  biliary  cysts. 

Dog  1217A,  a  ntale  was  ftsund  dead  4185  days  after  exposure  to  an  ILB  of  1.9  kBq  per  kg  body  weight. 
The  dog  had  only  minor  clinical  problems  during  its  lifetime.  At  48  mo  of  age,  an  enlarged  heart  was  noted 
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Table  11 


Summary  of  Major  Fiadioja  at  Death  in  Dogs  that  Inhaled  Monodisperse  1 .5  fim  AMAD  Particles 
of  ^^PuOj  when  they  were  Immature  (Status  as  of  9-30-91). 


ILB* 

Survival  Times 

Cumulative 

Number 

(kBq  ^®Pu/kg 

(Days  after 

Radiation  Dose 

of  Dogs 

Body  Weight) 

Exposure) 

to  Lung  (Oy) 

Non-Neoplasia 


Lung 

0 

- 

- 

“ 

Bone  Marrow 

0 

- 

•- 

.. 

Liver 

0 

- 

~ 

- 

Other 

8 

0.13-24 

46-3102 

0.12-8.7 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia 

5 

4.4-20 

1386-2218 

9.4-36 

Lung 

25** 

0.021-29 

1352-4185 

0.05-84 

Nasal  Epithelium 

l" 

0.021 

3570 

0.05 

TBLN 

0 

- 

“ 

-- 

Heart 

0 

- 

- 

- 

Bone 

0 

" 

- 

- 

Bone  Marrow 

0 

- 

” 

- 

Liver 

1 

0.013 

3199 

0.03 

Other 

2 

.013,3.3 

1832,2190 

.03,6.6 

Control 

Nun-Neoplasia 

Lung 

1 

- 

250 

“ 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

- 

- 

- 

Other 

0 

- 

” 

- 

Neoplasia 

0 

“ 

- 

" 

Lung  Injury  with  Lung  Neoplasia 

0 

- 

“ 

- 

Lung 

0 

- 

- 

- 

Nasal  Epithelium 

0 

- 

- 

- 

TBLN 

0 

- 

- 

- 

Heart 

0 

- 

- 

- 

Bone 

0 

- 

- 

- 

Bone  Marrow 

0 

- 

- 

- 

Liver 

0 

“ 

- 

- 

Other 

0 

— 

— 

*11.B  =  Initial  lung  burden  based  on  whole-body  counting  of  ’®^Yb. 
*’Oi:e  dog  had  nasal  carcinoma  and  lung  carcinoma. 
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radiographically.  At  8  years  of  age,  electrocardiograms  showed  a  sinus  arrythmia  and  a  slow  heart  rate.  Marked 
cardiomegaly  was  noted  at  that  time.  The  dog  appeared  clinically  stable,  but  was  found  dead  in  the  kennel  at 
11  years  of  age. 

At  necropsy,  there  was  marked  cardiomegaly  and  microscopic  evidence  of  biventricular  myocardial 
hypertrophy.  Findings  of  chronic-pa.ssive  pulmonary  congestion  supports  the  diagnosis  of  congestive  heart  failure. 
Lack  of  valvular  or  vascular  disease  and  early  age  of  on.set  is  suggestive  of  primary  cardiomyopathy.  Two  primary 
lung  tumors  were  found  at  necropsy.  A  papillary  adenocarcinoma  involving  the  right  intermediate  lobe  and  a 
small  fibrosarcoma  located  subpleurally  on  the  left  diaphragmatic  lobe.  Multiple  areas  of  pulmonary  fibrosis, 
bronchiolar  and  alveolar  epithelial  hyperplasia,  and  chronic  nonsuppurative  bronchiolitis  were  also  evident.  Incidental 
findings  included  a  unilateral  interstitial  cell  tumor,  a  small  mediastinal  thymoma,  atrophy  of  the  quadrate  lobe 
of  the  liver  resulting  from  a  remote  diaphragmatic  hernia  and  glandular  epithelial  hyperplasia  of  the  prostate. 

Dog  1368T,  a  female,  died  under  anesthesia  during  surgical  repair  of  the  bilateral  inguinal  hernias  and 
mammary  tumor  removal.  She  had  received  an  ILB  of  0.96  kBq  per  kg  body  weight  3102  days  before  death. 
Numerous  transient  clinical  problems  including  a  grand  mal  seizure  and  erythrocytosis  were  noted  during  the  last 
year  of  her  life.  Bilateral  inguinal  hernias  and  a  mammary  tumor  involving  L,  were  noted  on  routine  physical 
exam.  The  dog  died  under  anesthesia  during  surgical  hernia  repair  and  removal  of  the  mammary  gland  tumor. 

At  necropsy,  marked  systemic  congestion  and  serosanguineous  abdominal  effusion  were  present.  Definitive 
gross  or  microscopic  findings  pinpointing  the  proximate  cause  of  death  were  not  evident.  However,  moderate 
chronic-passive  congestion  of  the  liver  and  segmental  intestinal  lymphangiectasis  are  suggestive  of  caval  obstruction 
or  right  heart  failure.  The  immediate  cause  of  death  was  respiratory  arrest  followed  by  cardiovascular  collapse. 
Other  findings  included  a  mild  lymphocytic  thyroiditis,  focal  nodular  hyperplasia  of  the  liver,  a  unilateral  adrenal 
cortical  adenoma,  and  complex  mammary  gland  adenoma. 

Dog  1367a,  a  male,  was  euthanized  because  of  a  progressive  hepatic  failure  secondary  lO  a  primary  hepatic 
tumor  3199  days  after  receiving  an  ILB  of  0.063  kBq  per  kg  body  weight.  The  dog  had  several  transient  clinical 
findings  during  its  lifetime,  including  osteomyelitis  involving  the  left  foreleg  72  mo  before  death.  An  increased 
pulmonary  interstitial  pattern  was  noted  on  radiographs  36  mo  before  death.  The  dog  presented  1 1  days  before 
death  with  abdominal  ascites,  severe  rear  limb  edema,  and  elevated  liver  enzymes.  Euthanasia  was  recommended. 

At  necropsy,  a  primary  hepatic  fibrosarcoma  was  found  to  have  infiltrated  and  replaced  extensive  portions 
of  liver.  A  large  4  x  5  x  1,5  cm  metastasis  was  present  in  the  spleen,  and  lymphatic  micrometastasis  was  evident 
in  the  hepatic  lymph  node.  Other  notable  nonneoplastic  findings  included  simple  cystic  glandular  hyperplasia 
of  the  prostate,  a  mild,  chronic,  bilateral  glomerulonephrosclerosis,  and  nodular  adrenal  cortical  hyperplasia. 

Dog  1317U,  a  female  was  euthanized  because  of  an  enlarging  nasal  tumor  3570  days  after  receiving  an 
ILB  of  0.021  kBq  per  kg  body  weight.  Subclinical  anemia  and  transient  polyarthritis  were  noted  at  24  mo  of 
age.  An  increased  pulmonary  interstitial  pattern  and  an  increased  respiration  rate  were  clinically  evident  84  mo 
before  death.  One  month  before  death,  the  dog  presented  for  a  mucosanguineous  nasal  discharge  and  an  enlarging 
bony  nasal  maxillary  mass.  Radiographs  revealed  periosteal  new  bone  formation  and  ongoing  osteolysis.  Loss 
of  incisor  and  canine  teeth  and  progressive  difficulty  with  nosebreathing  prompted  euthanasia. 

At  necropsy,  a  well-differentiated,  invasive  squamous  cell  carcinoma  infiltrated  bilaterally,  structures  of 
ti'.»  nasal  cavity,  maxillary  sinuses,  m-axilla,  and  bony  palate.  Loss  of  teeth  was  a  result  of  neoplasia  involving 
periodontal  structures  of  the  incisive  bones  and  maxilla.  No  metastasis  was  evident.  Also  significant  were  two 
primary  papillary  adenocarcinomas  involving  the  right  apical  and  left  diaphragmatic  lung  lobes.  Morphologically, 
both  tumors  were  essentially  identical;  however,  lymphatic  or  vascular  metasta,ses  were  not  evident  in  either  case. 
Alveolar  epithelial  hyperplasia  and  pleural  and  septa!  fibrosis  were  present  in  most  lung  sections.  Other  nonneoplastic 
findings  included  a  unilateral  ultimobranchial  duct  cyst  and  diffuse  C-cell  hyperplasia  of  the  thyroid. 
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f.  Repeated  Inhalation  Exposure  of  Beagle  Dogs  to  ^^PuO,.  XV. 


Study  Contact:  J.  H.  Diel 

To  evaluate  the  role  of  chronic  exposure  to  an  alpha-emitting  aerosol,  PuO^  compared  to  single  acute 
uptakes  of  the  same  radionuclide,  adult  Beagle  dogs  inhaled  a  monodisperse  aerosol  of^’PuOj  (0.75  ;im  AM  AD) 
either  once  or  once  every  6  mo  for  10  yr.  Twenty-four  singly  expo.sed  dogs  received  3.7  kBq  ^^’Pu;  the  multiply 
exposed  dogs  received  either  0.37  or  3.7  kBq  per  exposure  for  a  maximum  of  20  exposures  each.  There  were 
24  dogs  exposed  at  the  lower  dose,  and  15  dogs  exposed  at  the  upper  dose.  Nine  additional  dogs  at  the  upper 
dose  were  sacrificed  for  dosimetry.  Twelve  control  dogs  were  also  given  repeated,  semiannual  sham  exposures 
for  the  10-yr  duration  of  the  exposures.  These  dogs  are  being  held  for  life-span  observations.  The  exposures 
began  in  1977;  the  final  repeated  exposures  were  done  in  1987.  Specific  details  of  the  experimental  design 
considerations,  the  dose-response  models  being  tested,  and  the  metabolism  and  dosimetry  of  the  inhaled  ^^^Pu02 
have  been  presented  in  previous  annual  reports,  particularly  in  LF-58,  LMF-91,  and  LMF-102.  Annual  summaries 
for  this  study  have  also  been  included  in  all  other  annual  reports  to  the  present  time. 

The  current  status  of  this  study  is  shown  in  the  experimental  design  chart  given  in  Figure  22.  Exposure 
information  and  dosimetry  results  are  given  for  each  dog  in  Appendix  A.  Survival  data  for  dogs  in  this  study 
are  summarized  graphically  in  Figure  23.  During  this  year,  four  of  the  dogs  that  were  expo.sed  repeatedly  to 
239pu  died,  as  did  three  control  dogs.  The  major  clinical  and  pathological  findings  for  these  animals  are  summarized 
below.  As  of  September  30,  1991.  there  were  two  singly  exposed  and  four  control  dogs  alive  for  a  total  of  six 
animals.  A  summary  of  the  major  findings  in  these  dogs  at  death  is  given  in  Table  12.  We  continue  to  obserx'e 
the  surviving  dogs,  who  are  between  13  and  14  yr  on  study. 


Figure  22.  Experimental  design  for  the  longevity  study  of  Beagle  dogs  expo.sed  repeatedly  by  inhalation  to  0.75  ^m 
activity  median  aerodynamic  diameter  aerosols  of  -^‘’PuO,  (Status  as  of  9-30-9 1 ). 
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TMc  12 


Summary  of  Major  Findings  at  Death  in  Dogs  Repeatedly  Exposed  by  Inhalatioa  to  0.75  ftm  Aerodynamic 
Diameter  Monodiiperse  Aerosols  of  "^Pu02  (Status  as  of  9-30-91). 


Number 
of  Dogs 


Non-Neoplasia 

Lung  12 

Bone  Marrow  0 

Liver  !*• 

Other  6 

Neoplasia 

Lung  Injury  svitb  Lung  Neoplasia  3 

Lung  34*’’“^ 

Nasal  Epithelium  0 

TI.-.'I  0 

Heart  0 

Booe  2* 

Bone  Marrow  0 

Liver  0 

Other  5 

ontrol 

Non-Neoplasia 

Lung  0 

Booe  Marrow  0 

Liver  0 

Other  4 

Neoplasia 

Lung  Injury  with  Lung  Neoplasia  0 

Lung  0 

Nasal  Epithelium  0 

TBLN  0 

Heart  0 

Booe  0 

Bone  Marrow  0 

Liver  0 

Other  4 


TLB* 

Survival  Times 

Cumulative 

(kBq  ^’Pu/lcg 

fOtys  after 

Radiation  Dose 

Body  Weight) 

Exposure) 

to  Lung  (Oy) 

0.41-0.6S 

1267-4444 

6.1-27 

0.56 

3564 

4.0 

0.33-0.81 

364-3740 

0.73-4.3 

0.50-2.6 

1*29-1920 

15-24 

0.26-1.4 

1892-4979 

1.9-31 

0.53.0.85 

2374,4226 

5.4,30 

0.52-0.93 

2450-4134 

2.8-5.6 

969-5050 

; 

- 

3941-5080 

- 

®TLB=Total  lung  burdens  based  on  whole-body  counting  of  *®^Yb. 
*’Ooc  dog  had  a  lung  tumor  and  hepatic  degeneration. 

^One  dog  had  lung  and  bone  tumors. 
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Dog  1077U,  a  female,  was  euthanized  4711  days  after  first  exposure  to  an  aerosol  of  ^’PuO,  due  to 
the  presence  of  lung  tumors.  The  dog  received  a  total  lung  burden  (TLB)  of  1.2  kBq  per  kg  body  ma.ss.  This 
dog  had  a  few  minor  clinical  problems  during  its  lifetime.  These  included  an  inguinal  hernia,  an  ossifying  epulis 
of  the  gingiva,  spondylosis  of  T12-13  vertebrae,  and  poor  light  reflex  in  the  left  pupil.  The  dog  developed  Uchypnea 
6  days  prior  to  death,  and  radiographs  taken  3  days  prior  to  death,  suggested  the  presence  of  multiple  lung  tumors. 

At  necropsy,  a  papillary,  pulmonary  adenocarcinoma  was  in  the  right  apical  lung  lobe.  A  papillary 
adenocarcinoma  in  the  left  diaphragmatic  lobe  was  considered  a  metastasis  from  the  right  apical  lobe.  Multifocal, 
mild,  chronic  interstitial  pneumonia  of  the  right  cardiac  lung  lobe  and  severe  atrophy  and  fihro.sis  of  the 
tracheobronchial  and  mediastinal  lymph  nodes  were,  most  likely,  treatntent-associated  lesions.  A  malignant  melanoma 
of  the  spindle  cell  form  was  in  the  ins  of  the  left  eye. 

Dog  1055W,  a  female,  was  euthanized  with  a  lung  tumor  4979  days  after  initial  exposure.  The  inhalation 
exposures  resulted  in  a  TLB  of  0.70  kBq  per  kg  body  mass.  Several  minor  clinical  problems  were  noted  during 
thedog's  lifetime.  These  included  bilateral  degenerative  joint  disease  of  the  coxofemoral  joints,  an  increased  interstitial 
lung  pattern,  vertebral  .spondylosis,  and  dental  disease.  A  tumor  which  was  seen  in  the  Lj  mamnnry  gland 
approximately  17  mo  prior  to  death  increased  in  size.  A  lung  tumor  was  noted  about  7  mo  prior  to  death,  progressively 
grew,  and  resulted  in  euthana.sia. 

At  necropsy,  a  papillary  adenocarcinoma  was  found  in  the  left  diaphragmatic  lung  lobe  and  t.id  metastasized 
within  the  lung  to  the  right  apical  and  right  intermediate  lobes,  and  beyond  the  lung  to  the  tracheobronchial  lymph 
node.  A  second  primary  pulmonary  neoplasm,  a  bronchioloalveolar  adenoma,  was  in  the  right  intermediate  lung 
lobe.  The  Lj  mammary  gland  contained  a  complex  tubular  ademxarcinoma  which  metastasized  to  the  right 
diaphragmaltc  lung  lobe.  MultiftKal,  mild,  pulmonary  interstitial  fibrosis  with  a.s.s(K'iaied  alveolar  epithelial 
hyperplasia  was  considered  treatment-related  ard  consistent  with  radiation  pneumonitis.  Severe  atrophy  of  the 
tracheobronchial  lymph  node  was  typical  of  ^^'^PuOj  inhalation  exposure.  A  cortical  carcinoma  was  found  in 
the  adrenal  gland,  and  an  oral  malignant  melanoma  was  noted  within  a  fiK'us  of  chronic  proliferative  gingivitis. 

Dog  1050B,  a  male,  was  euthanized  b^ause  of  lung  tumors  4856  days  after  its  initial  exposure.  The 
dog  received  a  TLB  of  0.63  kBq  per  kg  bixiy  mass.  Clinically,  the  dog  had  radiographic  evidence  of 

radiation  pneumonitis  more  than  96  mo  prior  to  death.  The  left  testicle  was  removed  because  of  a  Sertoli  cell 
tumor  60  mo  before  death.  Radiographic  evidence  of  a  lung  mass  was  first  noted  more  than  24  mo  prior  to  death. 
Bronchoscopy  and  brxinchoalveolar  lavage  confirmed  the  presence  of  lung  tumors  40  days  prior  to  death. 

At  necropsy,  three  separate  primary  carcinomas  were  found  in  the  lung;  a  primary,  papillary  adenocarcinoma 
of  the  right  apical  lung  lobe;  a  primary,  adenosquamous  carcinoma  of  Ihe  right  diaphragmatic  lung  lobe;  and  a 
primary,  papillary  adeniKarcinoma  of  the  apical  poition  of  the  left  apical-cardiac  lung  lobe.  The  left  diaphragmatic 
lung  lobe  contained  a  fibrosarcoma  which  appeared  to  he  a  metastasis;  the  primary  (ibrosarcoma  was  not  found. 
Exposure-related  lesions  included;  1)  multifocal,  mild,  pulmonary,  interstitial  tihrosis  with  a'MKiatcd  alveolar, 
epithelial  cell  hypertrophy  and  hyperplasia,  and  (Kcasionally,  squamous  metaplasia,  and  2l  severe  atrophy  of  t.Se 
mediastinal  and  tracheobronchial  lymph  nixies.  The  mild  cardiomegaly  noted  clinically  and  grosslv  was  considered 
secondary  to  pulmonary  neoplasia  and  interstitial  tihroM'..  A  cavernous  hemangioiTia  w.as  noted  m  the  retropharyngeal 
lymph  node. 

Dog  10441J.  a  female,  was  euthani/ed  with  a  lung  tumor  4795  days  after  the  first  expi'sure.  The  dog 
received  a  TLB  of  0.44  kBq  per  kg  body  mass.  Most  clinical  problems  were  minor  and  included  dental  disease, 
an  interstitial  lung  pattern,  a  transverse  mandibular  fracture,  vertehial  spondUosis,  uml.'itcral  iiH-dial  patellar  luxation, 
and  bilateral  oronasai  fistulas.  The  terminal  illness  was  associated  with  a  long  history  of  pulmonary  ncopUsta, 
.A  lung  tumor  wa-s  first  noted  m  the  cardiac  portion  of  the  left  apical --.ardiac  lung  lobe  approxinutely  23  mo  prior 
to  death.  The  neoplasm  grew  progressively.  Increased  lung  sounds,  dyspnea,  and  lethargy  resulted  in  eulhan.i'ia. 

» 

At  necropsy,  a  papillary  adenocarcinoma  was  lound  in  ihx'  lelt  apical -cardiac  lutte  lobe  Additional  papitbiry 
adeniKarcinomas  m  the  right  apical  lung  loK*  and  the  left  diaphragrruitic  lung  lobe  were  coo'ideied  mclaslases 
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from  the  tumor  in  the  left  apical -cardiac  lung  lobe.  Muliif<x;al,  mild,  alveolar  epithelial  cell  hyperplasia;  multifrxral, 
mild,  pulmonary,  interstitial  fibrosis;  and  severe  atrophy  of  the  tracheobronchial  lymfA  twxle  were  all  considered 
exposure  related. 

Dog  1077T,  a  female  control,  was  euthanira-d  4765  days  after  initial  exposure  to  the  vector  aerosol.  Several 
minor  clinical  iilnevse.s  occurred  dunn>/  its  lifetime.  These  included  a  grade  IIIAil  heart  murmur,  nght  heart 
enlargement,  an  increa.sed  interstitial  pattern  in  the  lungs,  and  spondylosis  of  the  Lj.j.  and  L7-S1  vertebrae. 

Mammary  neoplasms  removed  from  the  and  L,  mamnury  glands  8  mo  prior  to  death  were  a. simple  tubulopapillary 
adentKarcinoma  and  a  complex  tubular  ademxarcinonu.  respectively.  The  .simple  tubulopapillary  carcinoma  was 
present  in  the  lymphatics,  va.sculature,  and  inguinal  lymph  node.  Persistent  melesa  appeared  52  days  prior  to 
death.  The  terminal  illness  was  manifested  as  disonentaiion.  circling  in  the  run,  and  poor  proprioception  in  the 
rear  limbs. 

At  necrop.sy,  a  carcinoma  of  the  pituitary  purs  inifrmrtiia  invaded  the  braM  and  explained  antemortem 
neurologic  signs.  Moderate,  lymphoplasmacytic  gastritis  with  atrophy  may  have  coMnhuted  to  intestinal  signs 
such  as  ntelena.  At  least  t'*/o  ftx  i  of  metastatic  mammary  adcruKarcinoma  were  fourtj  in  the  lung  and  were  considered 
metastases  from  the  ademxarcinoma  of  the  nummary  gland.  Additional  malignant  mammary  neoplasim  present 
at  necropsy  were  a  complex  tubular  adenixarcinoma  of  the  R^  mamnury  gland,  a  simple  papillary  ademK'arcinoma 
of  the  Rj  mammary  gland,  and  a  simple  tuhular  aden<Karcinonu  of  the  mamnury  gland.  Moderate  focal  subpleural 
fibrosis  in  the  left  dtaphragmalic  lung  lobe  was  asciviati-d  with  nvxleiate  alveolar  epithelial  hjpertrophy  and 
hyperplasia  and  mullilocal  squamous  metaplasia  A  few  f<Ki  of  mild  interstitial  fibmsis  were  scattered  in  the 
lung.  These  were  not  lreatment-ass<Kialed  lesions,  however.  a.s  this  was  a  control  dog. 

Dog  I062C,  a  male  control,  was  found  dead  .5030  days  alter  initial  exposure  to  the  vector  aerosol.  Minor 
clinical  problems  included  hiUieral  degenerative  joint  disease  of  the  coxofemonl  jotnis.  spondylosis  of  the  T12- 
Ll,  L3-4  vertebrae,  three  episodes  of  anemia,  and  three  epivales  of  eosmophilia.  The  dog  had  an  episode  of 
tachypnea  about  105  mo  prior  lo  death,  Caoiionvgaly  was  first  manilesled  about  96  mo  prior  to  death  as  right 
heart  enlargement  and  progressed  lo  genetali/ed  eardiomegaly  33  mo  prior  to  death.  Clinical  sign.s  of  cardiac 
disease  were  never  observed,  and  the  dog  was  found  dead  in  its  run. 

At  necropsy,  the  dog  had  moderate,  acute,  necrosuppuralive,  bronchointerslilul  pneumonia.  The  heart 
was  also  markedly  enlarged,  the  venlricular  mvixardium  was  bilaterally  hyperfnphiod.  edema  itnd  alveolar 
hi.sfiocyfosis  Were  in  portions  of  the  lung  unalfectcd  by  hrimchn'tim  ohUirrant  or  acute  hrotHhopneumonia.  and 
nvirked  passive  congestion  was  in  the  In  er  These  lesions  suggested  that  the  primary  disease  process  wa-s  congestive 
hijart  failure  which  predisposed  the  dog  lo  ihe  development  of  pneumonia.  No  valvular  lesions  were  present  in 
t'le  dog.  Pulmonary  vascular  amyloidosis  and  a  solid-  tollicular  ihv  roid  carcinoma,  which  were  present,  were  potential 
auses  of  pulmonary  hypertension  and  hvperthyroidism.  fiolh  known  causes  of  heart  failure.  A  cortical  carcinoma 
was  in  the  adrenal  gland. 

Dog  I037E.  a  rrule  control,  was  eulhani/ed  with  a  metastatic  melanonu  S<180  Javs  after  initial  mhaUlion 
exposure  to  the  vector  aerosol.  Clinically,  vertebral  spondylosis  was  present  at  T|f, ,  | .  T| j-I^,  and  I  ,-.S, .  Ruptured 
discs  were  present  at  Tijl.i,  L,  j.  and  Lj  ,j.  A  heart  murmur  was  first  noted  more  than  36  nai  poor  to  death 
and  progressed  to  a  grade  IV,  VT  murmur  The  thyroid  was  enlarged  7  mo  prior  lo  death,  and  hv p ahyroidi'm 
was  diagnosed  6  1/2  mo  prior  to  death.  The  terminal  illness.  *n  oral  malignant  melanoma,  was  first  msted  appro*  nnalel  s 
12  mo  prior  lo  euthanasia.  Despite  surgical  removal.  Ihe  lunvir  recurred,  and  Ihe  dog  was  eulhani/ed  because 
of  pulmonary  metastases. 

At  necropsy,  the  oral  malignant  melanoma  had  recurted  locally,  and  metastases  were  present  in  the  cerv  ical 
lymph  nodes  and  lung,  The  mediastinum  coniained  a  ihynvima  of  the  pn-dominalely  epithelial  form.  .An  adenonu 
of  Ihe  pituitary  part  intrrtnt’itia  or  conci'milaiit  doease  may  have  produced  hvpolhvroiJism  Thyroid  enlargenu-nl 
on  the  thyroid  scan  was  allrihuied  to  multiple  simple  and  mullilocuialed  parathyroid  cysts.  Moderate  endocardiosis 
of  the  left  atrioventricular  valve  explained  the  clinical  history  of  a  heart  murmur. 
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3.  Annual  Report  References  to  Dog  Longevity  Studies  In  Which  All  Dot’s  Have  Die<i 

It  is  our  custom  to  provide  an  annual  stalas  report  on  each  dog  longevity  study  in  which  dogs  are  still 
alive.  These  reports  provide  historical  perspective  on  each  study  and  on  the  sequence  in  which  different  events 
occurred.  When  ail  dogs  in  a  given  study  are  dead,  the  scientific  effort  in  that  study  is  directed  to  final  histopathological 
reviews,  data  analyses,  dose-response  modeling,  and  open  literature  publications. 

Recognizing  that  annual  progre.ss  reports  for  an  individual  study  may  span  about  20  yr,  it  is  desirable 
to  provide  the  interested  reader  with  a  guide  to  past  annual  reports  and  their  contents.  In  the  material  that  follows, 
a  graph  that  illustrates  the  relationship  between  long-term  retained  radionuclide  burden,  .survival  time,  and  prominent 
pathological  observations  at  death  is  presented  for  each  study  in  which  all  dogs  are  dead.  This  graph  is  followed 
by  an  annotated  list  of  all  Annual  Report  references  for  that  particular  study. 

a.  ®®SrCl2  Longevity  and  Sacrifice  Studies 

Figure  24  provides  data  on  long-term  retained  burden  and  survival  time  for  Beagle  dogs  that  inhaled  ^SrCl2, 
and  Table  13  presents  annual  report  references  to  these  dogs. 

b.  '■'^CeClj  Longevity  Study 


Table  14  presents  annual  report  references  to  Beagle  dogs  that  inhaled  '"^^CeClj,  and  Figure  25  provides 
data  on  the  long-term  retained  burden  and  surviva,'  time  for  these  dogs. 

c.  '”YClj  Longevity  Study 


Figure  26  provides  data  on  the  long-term  retained  burden  and  survival  time  on  Beagle  dogs  that  inhaled 
^'YCIj,  and  Table  15  presents  annual  report  refereiKes  on  the.se  dogs. 
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Annual  Report  References  to  Longevity  and  Sacrifice  Studies 

Involving  Beagle  Dogs  that  Inhaled  ^r02 

Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Contents 

I. 

1966-67,  LF-38 

1-18 

a< 

Exposure  details;  whole-body  ictenlion;  Sr  deposition 
and  fate;  dosimetry  irtethodology;  early  clinical  findings, 
hematology,  serum  chemistry,  microbiology,  and  pathology 
in  early  post-exposure  period. 

11. 

1967-68,  LF-39 

1-13 

Whole-body  retention  summary;  dosimetry;  a.nd  clinical 
observatioiu,  hematology,  and  pathology. 

in. 

1968-69,  LF-41 

1-7 

Whole-body  retention;  biological  efrects  summary;  and 
survival  curves. 

IV. 

1969-70,  LF-43 

123-127 

Annual  status  report. 

V. 

1970-71,  LF-44 

121-125 

Annual  status  report. 

VI. 

1971-72,  LF-45 

129-136 

Annual  stanis  report,  comparison  with  ’’‘^Sr  citrate  study  at 
tbe  University  of  Utah. 

VII. 

1972-73,  LF-46 

86-90 

Annual  status  report. 

vin. 

1973,74,  LF-49 

89-92 

Annual  status  report. 

IX. 

1974-75,  LF-52 

134-138 

Annual  status  report. 

X. 

197S-76,  LF-56 

154-157 

Annual  status  report. 

XI. 

1976-77,  LF-58 

62-65 

Annual  status  report. 

XII. 

1977-78,  LF-60 

68-71 

Annual  status  report. 

XIII. 

1978-79,  LF-69 

57-61 

Annual  .status  report. 

XIV. 

1979-80.  LMF-84 

48-52 

Annual  status  report. 

XV. 

1980-81,  LMF-91 

67-72 

Annual  status  report. 

XVI. 

1981-82,  LMF-102 

271-275 

Final  status  report. 

XVII. 

1982-83,  LMF-107 

183-189 

Bone  cancer  risk  e.slimatcs. 

XVIII. 

1983-84,  LMF-n3 

154-158 

Study  summary. 

1984-85,  LMF-II4 

175-180 

Analysis  of  early  benutological  effects. 

1984-85,  LMF-114 

275-279 

Logistic  analysis  of  dose-effects  data. 

1985-86,  LMF-115 

167-176 

Analysis  of  late  biological  effects. 

1988-89,  LMF-128 

63-65 

Effects  of  route  of  exposure  and  dose  rate  on  bone 
cancers. 

This  repr>fi 

82-84 

Alpha-  vs.  beta-induced  bone  cancers. 
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Table  14 


Annual  Report  References  to  the  Looe^evity  Study 
Involving  Beagle  Dogs  that  Inhaled ‘^CeClj 


Report 

No. 

Year  and 
Document  Nu. 

Pages 

Major  Contents 

I. 

1966-67,  LF-38 

19-39 

Exposure  details;  whole-body  retention;  deposition  and 
fate  in  parallel  serial  sacrifice  study;  dosimetry 
methodology;  clinical  findings,  hematology,  clinical 
chemistry,  microbiology,  and  pathology  in  early  post¬ 
exposure  period. 

II. 

1967-68,  LF-39 

14-25 

Deposition  and  fate  in  parallel  serial  sacrifice  study; 
dosimetry;  and  clinical  findings,  hematology,  and 
pathology. 

in. 

1968-69,  LF-41 

8-14 

Whole-body  retention,  biological  effects  summery. 

IV. 

1969-70,  LF-43 

128-136 

Fate  and  dosimetry,  biological  effects  summary. 

V. 

1970-71,  LF-44 

126-135 

Whole-body  retention,  tissue  distribution,  clinical  findings 
and  pathology. 

VI. 

1971-72,  LF-45 

137-139 

Annual  status  report. 

Vll. 

1972-73,  LF-46 

91-95 

Dosimetry  methodology,  annual  status  report. 

VIll. 

1973-74,  LF-49 

93-97 

Annual  status  report. 

IX. 

1974-75,  LF-52 

139-142 

Annual  status  report. 

X. 

1975-76,  LF-56 

158-163 

Annual  status  report. 

XI. 

1976-77,  LF-58 

69-73 

Atuiual  status  report. 

XII. 

1977-78,  LF-60 

76-79 

Annual  status  report. 

XIII. 

1978-79,  LF-69 

66-70 

Annual  status  report. 

XIV. 

1979-80,  LMF-84 

57-61 

Annual  status  report. 

XV. 

1980-81,  LMF-91 

79-83 

Annual  status  report. 

XVI. 

1981-82,  LMF-102 

280-283 

Annual  status  report. 

XVII. 

1982-83,  LMF-107 

194-197 

Annual  status  report. 

xvin. 

1983-84,  LMF-113 

163-167 

Final  status  report,  preliminary  cancer  risk  estimates. 

1984-85,  LMF-1 15 

247-250 

Nonstochastic  effects;  nonneoplastic  liver  disease  and 
tumors  in  nonirradiated  organs. 

1989-90,  LMF-1 30 

70-74 

Biological  effects  summary. 

1989-90,  LMF-130 

75-77 

Hepatic  tumor  comparison. 
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Annual  Report  References  to  the  Longevity  Study 
Involving  Beagle  Dogs  that  Inhaled  ^’yCI3 


Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Contents 

I. 

1966-67,  LF-38 

40-64 

Exposure  details;  whole-body  retention;  deposition  and  fate 
in  parallel  serial  sacrifice  snidy;  dosimetry  methodology; 
and  clinical  observations,  hematology,  clinical  chemistry, 
microbiology,  and  pathology  in  early  post-exposure  period. 

II. 

1967-68,  LF-39 

26-32 

Whole-body  retention;  and  clinical  observations, 
hematology,  clinical  chemistry  and  pathology. 

III. 

1968-69,  LF-41 

15-18 

Annual  status  report. 

IV. 

1969-70,  LF-43 

137-139 

Annual  status  report. 

V. 

1970-71, 1 F-44 

136-138 

Annual  status  report. 

VI. 

1971-72,  LF-45 

140-143 

Annual  status  report. 

VII. 

1972-73,  LF-46 

96-99 

Dosimetry  methodology,  annual  status  report. 

VIII. 

1973-74,  LF-49 

98-100 

Annual  status  report. 

IX. 

1974-75,  LF-52 

143-145 

Annual  status  report. 

X. 

1975-76,  LF-56 

164-166 

Annual  status  report. 

XI. 

1976-77,  LF-58 

66-68 

Annual  status  report. 

XII. 

1977-78,  LF-60 

72-75 

Annual  stams  report. 

XIII. 

1978-79,  LF-69 

62-65 

Annual  status  report. 

XIV. 

1979-80,  LMF-84 

53-56 

Annual  status  report. 

XV, 

1980-81,  LMF-84 

73-78 

Annual  status  report. 

XVI. 

1981-82,  LMF-102 

276-279 

Annual  status  report. 

XVIL 

1982-83,  LMF-107 

190-193 

Annual  status  report. 

XVIIl. 

1983-84,  LMF- 113 

159-162 

Final  slams  report,  preliminary  cancer  risk  estimates. 

This  report 

65-67 

Biological  effects  summary. 
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d.  *^^CsCl  Longevity  Study 


Table  16  presents  annual  report  references  to  Beagle  dogs  that  were  injected  with  *^^CsCl,  and  Figure 
27  provides  data  on  long-term  retained  burden  and  survival  time  for  these  dogs. 

e.  in  Fused  Aluminosilicate  Particles  Longevity  Study 

Figure  28  provides  data  on  the  relationship  between  ILB  and  survival  time  for  dogs  that  inhaled 
iu  fused  aluminosilicate  particles,  and  Table  17  presents  annual  report  references  to  these  dogs. 


Table  16 

Annual  Report  References  to  Longevity  and  Sacrifice  Studies 
Involving  Beagle  Dogs  that  were  Injected  Intravenously  with  ^^^CsCI 


Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Contents 

I. 

1967-68,  LF-39 

54-75 

Experimental  design;  injection  details;  whole-body 
retention;  urinary  and  fecal  excretion;  tissue 
concentrations;  dosimetry  details;  and  early  clinical 
findings,  hematology,  serum  chemistry,  and  pathology  in 
early  post-exposure  period. 

II. 

1968-69,  LF-41 

36-45 

Whole-body  retention;  dosimetry;  microbiology; 
immunology;  hematology;  and  clinical  findings, 
biochemistry,  and  pathology. 

III. 

1969-70,  LF-43 

140-145 

Dosimetry,  biological  effects  summary. 

IV. 

1970-71,  LF-44 

139-144 

Whole-body  retention,  biological  effects  summary. 

V. 

1971-72,  LF-45 

144-146 

Annual  status  report. 

VI. 

1972-73,  LF-46 

100-102 

Auinual  status  report. 

VII. 

1973-74,  LF-49 

101-103 

Annual  status  report. 

vin. 

1974-75,  LF-52 

146-149 

Aruiual  status  report. 

IX. 

1975-76,  LF-56 

167-171 

Annual  status  report. 

X. 

1976-77,  LF-58 

74-77 

Annual  status  report. 

XI. 

1977-78,  LF-60 

80-83 

Annual  status  report. 

XII. 

1978-79,  LFh59 

71-74 

Annual  status  report. 

XIII. 

1979-80,  LMF-84 

62  66 

Annual  status  report. 

XIV. 

1980-81,  LMF-91 

84-89 

Annual  status  report. 

XV. 

1981-82,  LMF-102 

284-288 

Annual  status  report. 

XVI. 

1982-83,  LMF-107 

198-202 

Annual  status  report. 

XVII. 

1983-84,  LMF-1I3 

168-171 

Annual  status  report. 

XVIII. 

1984-85,  LMF-114 

181-184 

Final  status  report. 

1989-90,  LMF-I30 

6669 

Biological  effects  summary. 
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Table  17 


Annual  Report  References  to  Longevity  and  Sacrifice  Series 
Involving  Beagle  Dogs  (hat  Inhaled  in  Fused  Aluminosilicate  Particles 


Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Contents 

I. 

1968-69,  LF-41 

46-58 

Experimental  procedures;  whole-body  retention;  excretion; 
tissue  distribution;  dosimetry;  and  clinical  observations, 
hematology,  pulmonary  function,  clinical  chemistry,  and 
pathology. 

II. 

1969-70,  LF-43 

146-162 

Experimental  procedures;  experimental  design  (8  blocks); 
tissue  distribution;  and  clinical  observations, 
microbiology,  and  pathology. 

III. 

1970-71,  LF-44 

145-150 

Full  experimental  design,  dosimetry  summary,  and 
biological  effects  sununary. 

IV. 

1971-72,  LF-45 

147-150 

Annual  status  report. 

V. 

1972-73,  LF-46 

103-107 

Annual  status  report. 

VI. 

1973-74,  LF-49 

104-107 

Annual  status  report. 

VII. 

1974-75,  LF-52 

150-153 

Annual  status  report. 

VIII. 

1975-76,  LF-56 

172-175 

Annual  status  report. 

IX. 

1976-77,  LF-58 

78-82 

Annual  status  report. 

X. 

1977-78,  LF-60 

84-88 

Annual  status  report. 

XI. 

1978-79,  LF-69 

75-78 

Annual  status  report. 

XII. 

1979-80,  LMF-84 

67-70 

Annual  status  report. 

Xlll. 

1980-81,  LMF-91 

90-95 

Annual  status  report. 

XIV. 

1981-82,  LMF-I02 

289-294 

Annual  status  report. 

XV. 

1982-83,  LMF-107 

.  203-207 

Annual  status  report. 

XVI. 

1983-84,  LMF-113 

177  i76 

Annual  status  report. 

XVII. 

1984-85,  LMF-114 

'35-190 

Annual  status  report. 

XVIII. 

1985-86,  LMF-115 

177-181 

Annual  status  report. 

XIX. 

1986-87,  LMF-:zO 

205-208 

Final  status  report. 

1986-87,  LMF-120 

196-204 

Preliminary  lung  cancer  risk  estimates. 

1989-90,  LMF-130 

78-81 

Beta  dose-rate  effects  in  lung. 
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f.  ^'Y  in  Fused  Aluminosilicate  Particles  Longevity  Study 

1  Table  18  presents  annual  report  references  to  Beadle  dogs  that  inhaled  in  fused  aluminosilicate  particles, 

1  and  Figure  29  provides  data  on  the  long-term  burden  and  survival  time  of  these  dogs. 

- 

Table  18 

Annual  Report  References  to  Longevity  and  Sacrifice  Series 

Involving  Beagle  Dogs  that  Inhaled  in  Fused  Aluminosilicate  Particles 

Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Q>ntents 

i  '■ 

i 

1969-70,  LF-43 

163-182 

Exposure  details;  whole-body  retention;  deposition  and  fate 
in  parallel  serial  sacrifice  study;  excretion  in  urine  and 
feces;  dosimetry  methodology;  experimental  design  (4 
blocks);  and  clinical  observations,  hematology,  pulmonary 
physiology,  clinical  chemistry,  and  pathology  in  early  post¬ 
exposure  period. 

A 

V  ^ 

s 

•  4. 

» ■ 

11. 

1970-71,  LF-44 

151-163 

Full  experimental  design;  initial  deposition;  whole-body 
retention;  tissue  distribution;  dosimetry;  and  clinical 
observations;  hematology,  clinical  chemistry,  pulmonary 
function,  and  pathology  for  early  post-exposure  period. 

■ 

in. 

1971-72,  LF-45 

151-156 

Biological  effects  summary. 

■% 

IV. 

1972-73,  LF-46 

108-111 

Annual  status  report. 

h 

V. 

1973-74,  LF-49 

108-112 

Annual  status  report. 

• 

1 

1974-75,  LF-52 

154-159 

Annual  status  report. 

i 

*  1 

1  VII. 

1975-76,  LF-56 

176-179 

Annual  status  report. 

J 

1  Vill. 

1976-77,  LF-58 

83-86 

Annual  status  report. 

I 

1977-78,  LF-60 

89-93 

Annual  status  report. 

^  4 

I 

1978-79,  LF-69 

79-82 

Annual  status  report. 

» 

1  XI. 

1979-80,  L.MF-84 

71-75 

Annual  status  report. 

I 

1980-81,  LMF-91 

96-100 

Annual  status  report. 

1 

1  Xlll. 

1981-82,  LMF-102 

295-279 

Annual  status  report. 

.4 

I 

1982-83,  LMF-107 

208-212 

Annual  status  report. 

I 

1983-84,  LMF-113 

177-181 

Annual  status  report. 

/ 

I 

1984-85,  LMF-114 

191-195 

Annual  status  report. 

/ 

1  XVII. 

1985-86,  LMF-115 

182-186 

Annual  status  report. 

1  XVIII. 

1986-87,  LMF-120 

209-212 

Final  status  report. 

1 

I 

1986-87,  LMF-120 

196-204 

Preliminary  lung  cancer  risk  estimates. 

f 

1 

1989-90,  LMF-130 

78-81 

Bela  dose-rate  effects  in  lung. 

/ 

-  1 

This  report 

61-64 

Biological  effects  summary. 

I 

This  report 

79-82 

Alpha-  vs.  beta-induced  lung  cancer. 

1 
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Figure  29.  Relation.ship  between  ILB  of'*'Y  and  survival  time  for  dogs  that  inhaled  in  fused  aluminosilicate 
particles. 

g.  ’‘^Ce  in  Fused  Aluminosilicate  Particles  Longevity  Study 

Figure  30  provides  data  on  the  long-term  burden  and  survival  time  for  Beagle  dogs  that  inhaled  ’'*‘‘Ce 
in  fused  aluminosilicate  particles,  and  Table  19  presents  annual  report  references  to  these  dogs. 
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Figure  30.  Relationship  between  ILB  of  ’"'■’Ce  and  .survival  time  for  dogs  that  inhaled  ’"''^Ce  in  fused  aluminosilicate 
particles. 
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Table  19 


Annual  Report  References  to  Longevity  and  Sacrifice  Series 
Involving  Beagle  Dogs  that  Inhaled  ^^Ce  in  Fused  Aluminosilicate  Particles 


Report 

No. 

Year  and 
Document  No. 

Pages 

Major  Contents 

I. 

1967-68,  LF-39 

33-53 

Exposure  details;  whole-body  letention;  deposition  and  fate 
in  parallel  serial  sacrifice  study  and  dogs  dying  in  early 
post-exposure  period,  and  clinical  observations,  hematology, 
pulmonary  physiology,  clinical  chemistry,  and  pathology  in 
early  post-exposure  period. 

11. 

1968-69,  LF-41 

19-35 

Partial  experimental  design;  whole-body  retention;  tissue 
distribution  and  retention;  dosimetry;  and  clinical 
observations,  pulmonary  function,  clinical  chemistry, 
hematology,  immunology  and  pathology. 

III. 

1969-70,  LF-43 

183-187 

Metabolism  and  dosimetry;  and  biological  effects  summary. 

IV. 

1970-71,  LF-44 

164-180 

Full  experimental  designs  for  Scries  I  and  II;  tissue 
distribution  and  retention;  clinical  observations;  and 
pathology. 

V. 

1971-72,  LF-45 

157-166 

Annual  status  report. 

VI. 

1972-73,  LF-46 

112-115 

Annual  sums  report. 

VII. 

1973-74,  LF-49 

113-117 

Annual  sums  report. 

Vlll. 

1974-75,  LF-52 

160-164 

Annual  sums  report. 

IX. 

1975-76,  LF-56 

180-185 

Annual  sums  report. 

X. 

1976-77,  LF-58 

87-92 

Annual  sums  report. 

XI. 

1977-78,  LF-60 

94-98 

Annual  sums  report. 

XII. 

1978-79,  LF-69 

83-91 

Annual  sums  report. 

XIII. 

1979-80,  LMF-84 

76-81 

Annual  sums  report. 

XIV. 

1980-81,  LMF-91 

101-108 

Annual  sums  report. 

XV. 

1981-82,  LMF-102 

300-305 

Annual  sums  report. 

XVI. 

1982-83,  LMF-107 

213-219 

Annual  sums  report. 

XVII. 

1983-84,  LMF-113 

182-187 

Annual  sums  report. 

XVIII. 

1984-85,  LMF-114 

196-201 

Annual  sums  report. 

XIX. 

1985-86,  LMF-115 

187-192 

Annual  sums  report. 

XX. 

1986-87,  LMF-120 

213-216 

Annual  sums  report. 

1986-87,  LMF-120 

196-204 

Preliminary  lung  cancer  risks. 

XXI. 

1987-88,  LMF-121 

157-163 

final  sums  report. 

1988-89,  LMF-128 

66-68 

Age-related  early  health  effects. 

1988-90,  LMF-130 

78-81 

Beta  dose-rate  effects  in  lung. 

This  report 

75-78 

Interspccies  lung  cancer  risks. 

This  report 

79-82 

Alpha-  vs.  beta-induced  lung  cancer. 

53 


h.  '^^Ce  in  Fu.s<«J  A'uminusilicate  Particles.  Ayed-Dog  Longevity  Study 

Table  20  presents  annual  report  references  to  aped  Beagle  dogs  that  inhaled  ''”Ce  in  fused  aluminosilicate 
particles,  and  Figure  31  presents  data  on  the  ILB  and  sunival  time  of  these  dogs. 

i.  ^^^PuOj  Aged-Dog  Longevity  Study 

Figure  32  provides  daU  on  the  ILB  and  survival  time  of  aged  Beagle  dogs  that  inhaled  -■’“PuOi,  and 
Table  21  presents  annual  report  references  to  these  dogs. 


Table  20 

Annual  Report  References  to  the  Longevity  Study 
Involving  Aged  Beagle  Dogs  that  Inhaled  *'^Ce  in  Fused  Aluminosilicate  Particles 


Report  Year  and 


No. 

Document  No. 

Pages 

Major  Contents 

1. 

1971-72,  LF^5 

172-176 

Experimental  design  (6  blocks);  exposure  details; 
dosimetry;  and  early  biological  results. 

11. 

1972-73,  LF-46 

122-127 

Comparison  of  tissue  distribution  and  biological  effects 
with  those  in  young-adult  dogs;  summary  of  early 
biological  results;  and  annual  status  report. 

III. 

1973-74,  LF-49 

122-125 

Annual  status  report. 

IV. 

1974-75,  LF-S2 

169-172 

Complete  experimental  design,  annual  status  report. 

V. 

1975-76,  LF-56 

190-194 

Annual  status  report. 

VI. 

1976-77.  LF-58 

97-101 

Annual  status  report. 

VII. 

1977-78,  LF-60 

94-98 

Annual  status  report. 

VIII. 

1978-79,  LF-69 

96-100 

Annual  status  report. 

IX. 

1979-80,  LMF-84 

86-89 

Annual  status  report. 

X. 

1980-81,  LMF-9I 

113-116 

Annual  status  report. 

XI. 

1981-82,  LMF-102 

310-313 

Annual  status  report. 

XII. 

1982-83,  LMF-107 

224-22  7 

Final  status  report. 

XIII. 

1983-84,  LMF-113 

193-195 

Study  summary. 

1988-89,  LMF-128 

66-68 

Age-related  early  health  effects. 
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Table  21 


Annual  Report  References  to  the  Longevii^  Study 
Involving  Aged  Beagle  Dogs  that  Inhaled  ^^PuO^ 

Report  Year  and 


No. 

Document  No. 

Pages 

Major  Contents 

I. 

1978-79,  LF-45 

141-144 

Experimental  design;  initial  lung  burdens. 

II. 

1979-80,  LMF-84 

143-145 

Current  entries  into  study,  early  biological  effects. 

III. 

1980-81,  LMF-91 

169-173 

Annual  status  report. 

IV. 

1981-82,  LMF-102 

347-351 

Full  experimental  design,  annual  status  report. 

V. 

1982-83,  LMF-107 

264-268 

Annual  status  report. 

VI. 

1983-84,  LMF-113 

237-241 

Annual  status  report. 

VII. 

1984-85,  LMF-114 

249-253 

Annual  status  report. 

VIII. 

1985-86,  L.MF-I15 

239-242 

Annual  status  report. 

IX. 

1986-87,  LMF-I20 

266-270 

Annual  status  report. 

X. 

1987-88,  LMF-121 

157-163 

Final  status  report. 

D.  COMPLETION  ACTIVITIES  FOR  THE  ITRI  STUDIES 


1.  Completion  of  Individual  Studies 

At  the  present  time,  there  are  13  ITRI  studies  in  which  all  dogs  have  died.  These  are  the  studies  receiving 
most  of  the  current  efforts  directed  to  study  completions.  The  general  strategy  being  followed  for  each  study 
is  shown  in  Table  22. 

Table  22 

General  Strategy  for  Completion  of 
Individual  Life-Span  Studies  in  Dogs  at  ITRI 


•  Collect  and  organize  materials  and  data 

•  Conduct  detailed  reviews 

•  Dotimetiy 

•  Clintcal 

-  Pathology 

•  Analyze  results 

•  Publish  basic  manuscripts 

•  Dosimetry 

•  Biological  cfTects 

•  Dose-Response  modeling 

•  Prepare  cross-cutting  risk  analyses  and  manuscripts 

•  Among  ITRI  dog  studies 
Aaoss  species  including  humans 

-  With  other  laboratories 

•  Send  materials  to  National  Radiobioiogy  Archives 


A  review  ot  the  dosimetry,  clinical  and  pathology  materials  and  records  for  each  dog  is  necessary  to  assure 
uniformity  in  thoroughness  of  examination  and  terminology.  Because  each  life-span  study  spanned  nearly  2  decades, 
numerous  veterinary  clinicians  and  pathologists  have  been  involved.  Over  such  a  span  of  time,  individuals,  concepts, 
treatments,  terminology,  and  completeness  of  diagnosis  have  changed.  Part  of  the  purpose  of  these  reviews  is 
to  establish  standard  terminology,  diagnostic  criteria,  and  reporting  format.  The  general  approach  is  for  a  team 
comprised  of  one  pathologist,  one  cliniciart,  and  a  radiation  biologist  to  review  a  complete  study  together.  Each 
individual  reviews  the  appropriate  material  for  their  specially,  and  then  all  team  members  agree  together  on  the 
diagnoses  and  other  findings.  The  information  is  then  organized  on  forms  and  entered  into  the  cLilahase. 
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In  the  dosimetry  portion  of  this  effort,  the  radiation  biologist  reviews  the  performance  of  the  counting 
equipment,  consistency  of  the  standards,  and  the  retention  functions  for  the  radionuclide  of  interest  in  the  various 
organs  of  concern.  This  ensures  that  the  dosimetry  is  consi.stent  over  a  study  and  that  changes  in  counting  efficiencies 
and  standards  did  not  affect  the  results  of  the.se  long  studies.  It  also  ensures  that  the  methods  for  dose  calculations 
are  consistent  within  each  experiment.  The  dosimetry  information  is  then  entered  into  the  dosimetry  databa.se. 

The  clinical  materials  being  reviewed  are  the  medical  records,  radiographs,  hematology  data,  and  clinical 
chemistry  data.  The  pathologist  reviews  the  written  gross  necropsy  report,  biopsy  refiorts,  and  histopathology 
and  final  pathology  reports  for  completene.ss;  reviews  the  slides  for  tumors,  and  determines  the  organs  of  major 
concern;  and  reviews  any  photographs  of  the  organs  taken  at  gross  necropsy. 

The  clinician  and  the  pathologist  discuss  each  ca.se  to  establi.sh  the  following  diagnoses;  1)  immediate 
cause  of  death,  2)  pnmary  cau.se  of  death,  3)  major  contributing  diseases,  and  4)  incidental  diseases  and  findings. 
Under  each  category,  sufficient  supporting  information  is  given  to  demon.strate  the  basis  for  the  diagnosis.  This 
information  is  then  coded  into  SNODOG  (a  modified  version  of  SNOMED)  and  entered  into  the  databa.se. 

Table  23  gives  the  current  priority  ranking  for  completion  of  these  study  reviews  through  the  end  of  FY- 
1993.  Through  the  end  of  FY-1991 ,  clinical  and  pathologic  reviews  of  materials  and  records  have  been  completed 
on  five  studies  -  ^SrCI,,  ‘"'^CeClj,  '^^CsCl,  ^^’*PuO.,  (1.5  >im)  and  -^*PuO,  (3.0  fim).  It  is  anticipated  that 
the  study  of  YClj  will  be  completed  in  early  FY-1992.  Completion  of  reviews  for  these  six  studies  is  an  important 
point  in  time  because  these  six  studies  contain  the  most  soluble  radionuclide  forms  in  the  ITRl  program.  Therefore, 
the  broadest  range  of  organs  is  a  risk  in  these  studies.  Effort  will  also  be  devoted  to  establishing  a  relatively 
large  database  on  combined  control  dogs,  both  for  use  within  the  ITRI  program  and  more  broadly  across  laboratories 
through  the  National  Radiobiology  Aahives.  Emphasis  in  FY- 1993  will  be  directed  to  studies  of  relatively  insoluble 
forms  on  beta-emitting  radionuclid' s. 


Table  23 

Current  Priority  Order  and  Schedule  for  Completiiig  Reviewt 
of  Individual  Dog  Life-Span  Studiea  at  ITRl 


Fiacal 

Dog  Life-Span 

Year 

Study 

1990 

’^’SrCl, 

'♦^CeClj 

‘^’CaCl 

1991 

“'PuOj  (1.5  M«n) 

“•PuO,  (3.0  tim) 

1992 

’’YClj 

Cootrol  Dogs 

1993 

’*^-FAP 

’’Y-FAP 

“^-FAP 

’^Sr-FAP 
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Because  of  the  maturity  of  the  entire  series  of  dog  life-span  studies  at  ITRI.  most  of  the  living  dogs  on 
study  are  also  approaching  the  end  of  their  life  spans.  Table  24  lists  the  number  of  dogs  alive  in  each  of  the 
eight  iV.i<lies  containing  living  dogs  and  the  projected  year  in  which  the  last  dog  is  expected  to  die.  These  studies 
will  continue  with  the  daily  observation  of  the  dogs,  pathological  examination  of  each  animal  when  it  dies,  and 
tije  collection  of  excreta  and  tissues  for  radicxhemical  analysis  for  dosimetry.  Each  study  will  be  integrated  into 
the  wrt  o-uo  schedule  based  on  the  projected  date  of  death  of  all  of  the  animals.  In  addition,  .samples  of  all  tumors 
of  r.'ffi  ;j  nit  ^ize  are  being  collected  and  preserved  at  -70°C  for  u.se  in  other  projects.  These  samples  provide 
valuaol..  ti  aterial  for  evaluating  oncogenes  and  gene  activation  products  present  in  radiation-induced  tumors.  .Material 
is  also  r.vaiJable  for  in  situ  hybridization  and  immunohistochemistry  studies. 


Table  24 

Projected  Dates  for  A.11  Dogs  to  Have  Died 
on  the  Ongoing  Life-Span  Radionuclide  Toxicity  Studies 


Radionuclide  and  Form 

Completion  of 
Inhalation 
Exposure 

Number  of 
Dogs  Alive 
9-30-91 

Projected 

Year  of 

Last  Death 

*^Ce-FAP  (Immature) 

1972-1976 

1 

1992 

^^^Pu02  (Repeated  Exposures) 

1977-1988 

6 

1993 

239pu02  (0.75  ftm) 

1977-1979 

4 

1995 

239pu02  (1.5  Mffl) 

1977-1979 

21 

1995 

239pu02  (3.0  tm) 

1977-1979 

8 

1995 

(ImiTBture) 

1977-1982 

66 

1998 

2.  Databases 

Over  the  past  30  yr,  a  number  of  different  database  approaches  have  been  used  at  ITRI  for  the  purpose 
of  managing  the  storage  and  retneval  of  the  data  and  records  prixiuced  in  different  .segments  of  the  life-span  studies 
program.  The.se  databa.ses  have  involved  a  broad  range  of  information  on  topics  such  as  breeding,  inoculation, 
clinical  observations,  clinical  pathology  results,  necropsy  reports,  pathologic  diagnoses,  radionuclide  counting  data, 
and  analytical  radiochemislry  results.  Some  of  the  previous  databases  used  have  been  wntten  in-house,  and  others 
were  obtained  from  commercial  sources.  A  long-standing  problem  has  been  the  difficulty  of  retrieving  and  using 
data  from  several  .sources  at  the  same  time.  Also,  because  of  these  database  differences,  the  results  were  not 
in  appropriate  format.s  for  eventual  transfer  to  the  National  Radiobiology  Archives  (NR A). 

A  concerted  effort  is  continuing  to  re-establish  these  major  databa.ses  within  a  common  software  framework. 
The  FOCUS  databa-se  software  is  being  used  for  this  purpose.  Highest  pnonty  was  given  first  to  the  development 
of  a  health  effects  database  for  use  m  the  final  review  of  all  clinical  and  pathologic  materials  for  each  dog.  Basic 
details  of  this  databa.se  were  given  in  the  1988-1989  annual  report  (L.MF-I28,  pp.  84-85).  During  the  past  year, 
minor  changes  were  incorporated  to  improve  its  usefulness.  This  database  is  now  an  important  IikiI  in  our  health 
effects  evaluation  process.  Other  databases  that  have  been  set  up  in  a  FOCUS  format  include  the  colony  management 
database,  the  clinical  pathology  databa.se,  the  radionuclide  counting  database,  and  the  analytical  chemistry  database. 
Additional  testing  and  mrxlifications  of  these  systems  will  be  required  before  they  reach  the  same  point  of  maturity 
as  the  health  effects  database. 


3.  Collaborations  with  Other  Investigators 

Two  interlaboratory  collaborations  were  actively  pursued  during  the  past  fiscal  year.  One  of  these  involved 
collaboration  between  investigators  at  the  University  of  California  at  Davis,  University  of  Utah,  and  ITRl  to  study 
the  similarities  and  differences  among  bone  tumor  types  and  occurrences  in  dogs  given  ^Sr  by  different  routes 
of  administration.  These  comparisons  were  completed  and  submitted  for  publication  in  the  International  Journal 
of  Radiation  Biology  in  FY-1991. 

A  second  developing  collaboration  relates  to  the  life-span  studies  of  dogs  injected  with  '^^CsCI  at  either 
Argonne  National  Laboratory  (ANL)  or  at  ITRl.  All  dogs  in  both  studies  are  dead.  It  was  proposed  that  ITRI 
investigators  conduct  detailed  biomedical  reviews  of  the  materials  and  records  from  the  ANL  study  in  a  manner 
similar  to  that  used  recently  for  the  ITRl  study  involving  ‘^^CsCI.  Meetings  were  held  between  the  ANL  and 
ITRl  investigators,  and  the  study  materials  were  assembled  for  shipping.  It  is  expected  that  the  transfer  of  these 
materials  from  ANL  to  ITRl  will  occur  soon.  When  these  evaluations  and  analyses  are  completed,  the  ANL  materials 
will  be  sent  to  the  NRA  for  archiving. 

A  third  area  of  collaboration  that  should  develop  in  FY-1992  relates  to  interlaboratory  reviews  and  analyses 
on  control  dog  information  and  the  establi.shment  of  centralized  databases  on  control  dog  information  at  the  NRA. 

4.  Third  International  Workshop  on  Respiratory  Tract  Dosimetry 

In  July  1990,  ITRl,  along  with  pans  of  DOE  and  CEC,  co-sponsored  a  workshop  on  the  dosimetry  of 
inhaled  radioactive  materials  in  the  respiratory  tract.  This  workshop,  which  was  attended  by  86  scientists  and 
health  protection  specialists,  22  from  eight  other  countries,  provided  an  opportunity  to  exchange  and  discuss  various 
information  needs  and  sources.  Data  from  ITRl  studies  were  important  inputs  to  the  success  of  this  workshop. 
The  proceedings  of  this  workshop  were  publi.shed  in  Radiation  Protection  Dosimetry  35:1-249,  1991. 
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E.  RECENT  RESEARCH  ACCOMPLISHMENTS 

1.  Biological  Effects  of  ®’Y  in  Relatively  Insoluble  Particles  Inhaled  by  Beagle  Dogs 
F.  F.  Hahn,  W.  C.  Griffith,  C.  H.  Hobbs,  B.  A.  Muggenburg,  and  B.  B.  Boecker 

The  toxicity  of  ®*Y  inhaled  in  relatively  insoluble  particles  is  being  investigated  as  part  of  the  ITRI  program 
to  evaluate  the  biological  effects  of  inhaled  beta-emitting  radionuclides.  A  group  of  108  dogs  was  observed  over 
their  life  span  for  the  biological  effects  of  inhaled  ^*Y.  Equal  numbers  of  male  and  female  dogs,  bom  and  raised 
in  the  ITRI  colony,  were  given  single,  brief,  nose-only  exposures  to  aerosols  of  fused  aluminosilicate  particles 
containing  Y  to  achieve  graded  ILB  of  radioactivity.  These  techniques  have  been  previously  described  (McClellan, 
R.  O.  et  al.  In  Life-Span  Radiation  Effea  Studies  in  Animals.  What  Can  They  Tell  Us?  [R.  C.  Thompson  and 
J.  A.  Mahaffey,  eds.].  Office  of  Scientific  and  Technical  Information,  U.  S.  Department  of  Energy,  Oak  Ridge, 
TN,  p.  74,  1986).  Another  group  of  30  dogs  was  exposed  to  Y  aerosols  in  the  same  manner  and  serially  sacrificed 
for  distribution  data  over  the  first  320  days  after  exposure.  Whole-body  counting  of  each  dog  was  used  to  determine 
the  ILB.  Mean  organ  absorbed  dose  rates  and  cumulative  doses  were  calculated  for  each  life-span  dog  using  its 
own  whole-body  retention  data  and  the  relationship  between  lung  burden  and  total  burden  determined  in  the  parallel 
serial  sacrifice  study. 

Each  dog  was  given  a  medical  evaluation  annually  and  observed  daily  until  death  occurred  spontaneously, 
or  the  dog  was  euthanized  in  a  moiibund  condition.  Complete  gross  and  histopathologic  examinations  were  made 
at  death  and  included  routine  obser/ation  of  all  organ  systems  and  notation  of  all  lesions.  Lifetime  risks  for  malignant 
tumors  of  the  lung  were  estimated  using  a  proportional  hazards  model.  This  model  is  based  on  the  age-specific 
incidence  of  tumors  and  estimates  relative  risk  as  the  ratio  of  changes  in  the  age-specific  incidence  as  a  function 
of  the  radiation  dose  to  lung.  The  proportional  hazards  model  in  this  report  used  nonparametric  estimates  of  the 
baseline  hazard  and  additive  linear  functions  of  the  radiation  dose  for  relative  risks,  similar  to  the  methods  used 
in  the  BEIR  V  report  (NAS/NRC,  Committee  on  the  Biological  Effects  of  Ionizing  Radiation.  Health  Effects 
of  Exposure  to  Low  Levels  of  Ionizing  Radiation,  BEIR  V,  National  Academy  Press,  Washington,  DC,  1990). 

The  size  distribution  of  the  aerosol  particles  as  determined  by  ca.scade  impactor  analysis  was  approximately 
lognormal.  Activity  mean  aerodynamic  diameters  ranged  from  1.5  to  2.3  ;/m  with  geometric  standard  deviations 
between  1.6  and  2.0.  Real  diameters  ranged  from  1.0  to  1.5  pm.  ILBs  achieved  for  the  96  dogs  that  inhaled 
®*Y  ranged  from  0.41  to  13  MBq/kg  body  weight. 

The  average  retention  of  ^’Y  in  the  body  w--«s  expressed  by  a  two-component  exponential  function:  B{t)  = 
0.54e'^  ***  +  0.46e’*^®’^^’.  Tissue  distribution  data  showed  that  by  4  iLys  after  inhalation  exposure,  almost  all 
of  the  ®’Y  retained  was  in  the  lung;  as  time  progressed,  the  relative  amount  in  the  lung  decreased  slowly.  The 
retention  of  ®’Y  in  the  lungs  was  a  linear  function  with  an  effective  half-life  (radioactive  decay  plus  translocation) 
of  about  50  days. 

Tissue  concentrations  of  ^'Y  in  other  organs  showed  that  only  the  TBLN,  bone  and  liver  had  significant 
activities.  Tne  concentration  of  ^’Y  in  the  TBLN  equaled  that  of  the  lung  by  50  days  after  exposure  and  continued 
to  increa.se  beyond  that  time.  Concentrations  of  ”  Y  in  the  liver  and  skeleton  were  about  two  orders  of  magnitude 
less  than  those  of  the  lung  and  TBLN. 

Figure  33  illustrates  the  cumulative  doses  to  the  lung,  liver,  and  skeleton  that  would  be  expected  from 
®’Y  in  aluminosilicate  particles  deposited  in  the  lung  based  on  the  results  of  the  serial  sacrifice  study  results.  Survival 
of  the  dogs  as  related  to  ILB  and  the  principal  lesions  at  death  are  shown  in  Figure  34.  Forty-one  dogs,  with 
radiation  doses  to  lung  ranging  from  8.0  to  600  Gy,  died  of  pulmonary  vasculitis,  radiation  pneumonitis,  and/ 
or  pulmonary  fibrosis  at  113  to  2890  days  after  exposure.  Most  of  these  dogs  (37)  died  before  500  days  after 
exposure  with  relatively  high  radiation  doses  (>  250  Gy)  and  with  lesions  clearly  related  to  radiation  injury. 
At  later  times,  pulmonary  neoplasia  was  a  frequent  finding,  occurring  in  32  dogs.  The  earliest  death  from  pulmonary 
neopla.sia  was  1115  days  after  exposure.  All  lung  tumors  were  epithelial  in  nature  and  originated  in  the  alveoli 
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Figure  33.  Do.sc  to  lung,  skeleton,  and  liver  in  Beagle  dogs  after  inhalation  of  *'Y  in  aluminosilicate  particles, 
nomialixed  to  an  ILB  of  1  MBq  ^'Y  per  kg  body  weight  and  average  retention.  Infinite  beta  dose  factors 
for  lung,  skeleton  and  liver  arc  54,  0.22,  and  0.055  Gy/MBq/kg,  respectively. 
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Figure  34.  Relationship  between  initial  lung  burden  of '’*Y  and  survival  time  for  dogs  that  inhaled  ^'Y  in  fu.scd 
aluminosilicate  particles.  Principal  lesions  at  death  also  noted. 
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and  small  airways  of  the  lung.  The  histologic  types  were  cla.ssihed  as  bronchioloalveolar  carcinoma,  papillary 
adenocarcinoma,  and  combined  squamous  cell-bronchioloalveolar  carcinoma.  Meta.sta.ses  within  the  lung  and  to 
local  lymph  nodes  were  frequent  but  meta.stases  outside  the  thorax  were  rare. 

Tumors  were  also  found  in  the  nasal  muco.sa  (1  dog),  TBLN  (1  dog),  and  heart  (1  dog).  These  tumors 
were  considered  radiation-induced  because  of  the  content  of  these  tissues  or  their  proximity  to  ^*Y-containing 
tissues  and  their  rarity  in  control  dogs.  No  tumors  were  noted  in  the  liver  or  skeleton  of  any  dog. 

A  proportional  hazards  model  was  used  to  estimate  the  relative  risk  of  lung  cancer,  and  from  this  modci 
the  absolute  risks  or  life-time  risks  of  lung  cancer  were  calculated.  The  excess  relative  risk  was  the  .'"m  of  a 
linear  function  and  a  power  function  (power  of  7.8)  of  the  time-dependent  radiation  dose  to  the  lung.  control 
incidence  of  lung  tumors  was  based  on  the  current  experience  from  the  entire  population  of  242  rc;-‘'oi  dogs  on 
longevity  studies.  Below  60  Gy,  the  excess  relative  risk  was  linear,  equaling  0.06  per  Gy.  Tie  absolute  risk 
per  unit  dose  was  60  lung  tumors  per  10'*  Gy  over  the  same  range. 

The  lung  is  the  organ  predominantly  affected  after  inhalation  of  ^’Y  in  a  relatively  insoluble  form.  With 
the  exception  of  the  TBLN,  and  possibly  the  nasal  mucosa,  the  radiation  doses  to  other  organs  are  about  a  factor 
of  100  or  more  less  than  the  dose  to  lung. 

The  histologic  types  of  lung  tumors  seen  were  all  epithelial  in  nature.  The  tumors  were  similar  in  phenotype 
to  those  seen  with  other  inhaled  alpha-  or  beta-emitting  radionuclides.  Pulmonary  hemangiosarcomas,  seen  with 
high,  protracted,  beta-radiation  doses,  such  as  those  from  *'**Ce  or  ^'-’Sr  (Hahn,  F.  F.  et  al.  J.  Natl.  Cancer 
Inst.  50:  675,  1973),  were  not  seen. 

The  proportional  hazards  model  evaluation  of  the  dose-'csponse  relationship  indicated  a  linear  dose  respon.se, 
at  doses  below  60  Gy.  Such  a  linear  dose  response  is  consi-stent  with  the  dose  response  for  many  biologic  effects 
from  beta  irradiation. 

The  absolute  risk  factor  of  60  lung  tumors  per  10“*  Gy  is  less  than  the  risk  factor  for  lung  cancer  derived 
from  the  Japanese  A  bomb  survivors  (Table  25).  Models  used  in  BEIR  V  to  evaluate  the  current  data  from  the 
life-span  study  of  these  survivors  resulted  in  a  risk  factor  of  125  lung  tumors  per  10“*  Gy  for  males  exposed  at 


Table  25 


Risk  Factors  for  Lung  Cancer  Following  Irradiation 


Type  of  Exposure 

Risk  Factor^ 

Basis  for  Estimate^ 

Reference 

Chronic  beU- 
intemally  deposited 

60 

Dogs  that  inhaled 

FAP 

This  paper 

Acute  gamma-external 
irradiation 

125 

A-Bomb  survivors 

NAS/NRC,  1990 

(^ironic  alpha- 
internally  deposited 

2800 

Dogs  that  inhaled 

234u02 

Muggenburg,  B.  A.  et  al.  In 
Proceedings  of  the  BOHS  7th 
International  Symposium  on 
Inhaled  Particles,  Edinburgh, 
Scotland,  Pergamon  Press,  1992. 

*Lung  cancer  per  10^  Gy. 

^Young  adult  dogs  -  25  yr  old  humans. 
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25  years  of  age  (NAS/NRC,  1990).  The  lower  risk  factor  for  inhaled  ®'Y  is  probably  due  to  the  dose  protraction 
that  occurs  with  internally  deposited  radionuclides  with  half-lives  longer  than  a  few  hours  (Hahn,  F.  F.  et  al. 
Radial.  Res.  96:  505,  1983).  The  risk  factor  for  inhaled  alpha-emitting  radionuclides,  based  on  studies  of  dogs 
that  inhaled  ^^PuOj^  is  considerably  higher  than  that  for  the  inhaled  beta  emitter  ”Y  (Table  25).  The  ratio  of 
these  two  risk  factors  is  about  45.  This  ratio  compared  to  most  ratios  of  high-  vs.  low-LET  radiations  (NCRP. 
The  Relatht  Biological  Effeaiveness  of  Radiations  of  Different  Quali.y,  Report  104,  National  Council  on  Radiation 
Protection  and  Measurements,  Bethesda,  MD,  1990).  For  example,  the  ratio  of  ^^Ra  vs.  ^Sr  for  bone  sarcoma 
in  dogs  and  mice  is  about  25.  The  reason  for  this  seemingly  high  ratio  is  not  known.  Analysis  of  other  studies 
with  dogs  exposed  to  inhaled  radionuclides  may  shed  more  light  on  this  subject. 

For  the  evaluation  of  human  exposure  situations,  however,  the  most  important  ratios  are  those  related 
to  brief,  whole-body,  photon  irradiation  so  that  the  A-bomb  survivor  data  can  be  used  as  a  basis  for  comparison. 
Unfortunately,  there  are  no  data  from  dogs  exposed  to  brief,  whole-body  photon  radiation  available  for  comparison 
to  the  human  data  base. 
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2.  Biological  Effects,  of  ^*YC1^  Inhaled  by  Beagle  Dogs 

A.  F.  Hubbs,  B.  A.  Muggenburg,  F.  F.  Hahn,  W.  C.  Griffith,  and  B.  B.  Boecker 

This  study  was  conducted  to  determine  the  life-span  radiotoxicity  of  ^’YCl3  in  Beagle  dogs.  Yttrium- 
91  is  of  interest  as  a  beta-emitting  radionuclide  with  a  relatively  short  half-life  that  occurs  in  abundance  in  operating 
light-water  nuclear  reactors.  After  ’*Y  is  inhaled  in  relatively  soluble  chemical  forms,  it  translocates  from  the 
pulmonary  region  primarily  to  liver  and  skeleton.  It  is,  however,  retained  in  the  lung  long  enough  to  deliver 
a  large  portion  of  its  dose  to  that  organ.  ®*Y  was  selected  for  study  as  a  representative  radionuclide  because 
of  its  potential  for  human  inhalation  exposure  in  the  event  of  a  nuclear  reactor  accident. 

Forty-two  dogs,  equal  numbers  of  both  sexes,  inhaled  aerosols  of  ^’YClj.  The  dogs  were  12  to  14  mo 
of  age  (399  ±  14  days)  at  the  time  of  inhalation.  In  addition,  12  dogs  inhaled  the  aerosol  vector  (controls).  After 
inhalation,  the  dogs  were  whole-body  counted  for  **Y  activity  to  determine  the  IBB  and  the  long-term  retention 
of  this  radionuclide  (Range  of  LTRB  was  0.5  to  20  MBq/kg).  Health  effects  were  determined  by  daily  observation 
of  the  dogs  and  by  annual  medical  evaluations  that  included  a  physical  examination,  complete  blood  cell  counts, 
selected  serum  chemistry  determinations,  radiographs,  and  a  medical  history  review.  Sick  dogs  were  examined 
and  appropriate  tests  conducted  to  establish  a  diagnosis.  Diseases  that  appeared  to  be  unrelated  to  the  inhalation 
of  ^*Y  were  treated  by  standard  veterinary  procedures.  As  the  dogs  died  or  were  euthanized,  complete  necropsy 
and  histopathology  examinations  were  done.  When  all  the  animals  in  this  study  were  dead,  a  final  review  of 
the  pathology  and  clinical  findings  was  conducted  by  a  pathologist  (A.H.)  and  clinician  (B.M.)  to  establish  and 
use  uniform  terminology  and  diagnostic  criteria. 

Early  deaths,  which  occurred  in  1 1  dogs  from  12  to  33  days  after  inhalation,  were  primarily  due  to  damage 
to  the  blood-forming  cells  in  the  bone  marrow.  Severe  thrombocytopenia  and  leukocytopenia  resulted  in  fatal 
hemorrhage  or  acute  septicemia.  In  addition  to  the  animals  that  died  acutely,  21  dogs  had  moderate-to-severe 
changes  in  peripheral  blood  cell  counts  that  indicated  serious  damage  to  the  bone  marrow.  These  changes  included 
thrombocytopenia,  neutropenia,  lymphopenia,  monocytopenia,  and  erythrocytopenia.  A  few  of  these  dogs  also 
had  clinical  signs  of  illness  such  as  ecchymotic  hemorrhages  on  mucous  membranes. 

The  distributions  of  neoplastic  and  non-neopla.stic  di.scases  in  different  organ  systems  in  the  exposed  and 
control  dogs  are  given  in  Table  26.  These  diseases  were  cla.ssified  as  either  the  cause  of  death  or  major  contributing 
diseases.  A  major  contributing  disease  was  defined  as  causing  moderate-to-severe  morphologic  changes  in  tissues 
with  detected  clinical  signs,  a  malignant  tumor  that  metastasized,  or  a  benign  tumor  that  was  life-threatening.  In 
some  dogs  significant  disease  was  present  in  more  than  one  organ  system  and,  therefore,  dogs  may  have  been 
counted  more  than  once.  Of  the  31  dogs  that  survived  the  acute  hematologic  dyscrasia,  16  (52  5?)  died  from  neoplasia, 
and  6  (14%)  had  tumors  that  were  cla.ssified  as  major  contributing  diseases.  In  the  control  population,  6  (50%) 
died  from  neoplasia,  and  1  (8%)  dog  had  a  tumor  that  was  a  major  contributing  disea.se.  In  the  dogs  that  inhaled 
^'Y,  tumor  incidence  in  the  respiratory  tract  appeared  to  be  higher  than  expected.  The  apparent  increase  in  tumors 
in  the  digestive  system  is  probably  not  significant  becau,se  the  tumors  were  found  in  different  digestive  organs, 
and  only  one  tumor  that  might  be  related  to  radiation,  an  hepatocellular  carcinoma,  was  found  in  the  liver. 

Beta  dose  resulting  from  the  inhaled  ^’Y  was  delivered  mainly  to  the  re.spiratory  tract,  liver,  and  skeleton. 
As  indicated  above,  tumors  of  the  respiratory  tract  were  apparently  increased  in  incidence,  only  one  tumor  was 
found  in  the  liver,  and  no  tumors  were  found  in  the  skeleton.  Effects  that  were  observed  in  the  skeleton  occurred 
soon  after  the  inhalation  exposure  and  were  a.s.sociated  with  the  bone  marrow.  Information  on  the  tumors  in  the 
respiratory  tract  is  given  in  Table  27.  In  three  dogs,  tumors  were  found  in  the  nose.  Two  dogs  died  from  lung 
tumors,  and  lung  tumors  were  found  incidentally  in  two  other  dogs. 

Two  control  dogs  and  three  dogs  that  inhaled  ^'YCI^  had  tumors  of  the  mammary  glands  (not  shown 
in  Table  26).  One  e,rpo<-  4  dog  had  two  adrcr.&wortical  ^aicmomas,  and  th.-ec  -.‘"posed  dogs  had  thyroid  car,:inomas. 
One  control  dog  had  a  thyroid  carcinoma. 
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In  summary,  ^'YCIj  inhaled  by  dogs  resulted  in  an  increase  in  the  incidence  of  tumors  of  the  respiratory 
tract,  both  in  the  nasal  epithelium  and  in  the  pulmonary  region  of  the  lung.  The  incidence  of  tumors  of  other 
organs  did  not  appear  to  be  increased.  The  effects  on  the  .skeleton  were  confined  to  the  early  effects  on  the  bone 
marrow  causing  hematologic  dyscrasia.  De.spite  the  wide  gradation  of  dose  to  the  skeleton  in  the  31  dogs  that 
survived  the  early  deaths,  none  of  the  dogs  developed  bone  marrow  or  bone  tumors.  Although  a  wide  range 
of  doses  to  the  liver  occurred  (0.65  to  10  Gy),  only  one  liver  tumor  was  found.  This  is  too  low  an  incidence 
to  confidently  ascribe  this  tumor  to  radiation  effects.  A  much  higher  incidence  of  liver  tumors  and  liver  degeneration 
was  observed  in  the  studies  of  inhaled  '"'^CeClj  and  injected  '-^^CsCl  in  dogs  that  received  similar  cumulative 
beta  doses  to  the  liver  (6. 1  to  35  Gy). 

Table  26 


Primary  Causes  of  Death  and  Major  Contributing  Diseases  of 
Dogs  Injected  with  ^^YCIj  and  of  Control  Dogs 


Neoplastic  Disease* 

Non-Neoplastic  Disease^ 

System 

^*YCl3 

Exposed 

Control 

^‘yCIj 

Exposed 

Control 

Respiratory 

5^= 

0 

gc 

0 

Hematopoietic 

0 

0 

12« 

0 

Digestive 

6« 

1 

8<= 

3® 

Urogenital 

2' 

9<= 

5® 

Nervous 

0 

0 

5' 

0 

Cardiovascular 

1 

12® 

3® 

Integument 

5= 

2® 

0 

0 

Endocrine 

6<= 

1 

2® 

1® 

Skeletal 

0 

0 

1® 

1® 

Other 

0 

0 

4® 

1 

‘Number  represents  the  number  of  dogs  that  died  with  a  neoplasm  which  was  considered  the 
primary  cause  of  death  or  a  major  contributing  disease.  There  were  46  dogs  exposed  to 
^Wcij  and  12  control  dogs. 

dumber  represents  the  number  of  dogs  that  died  with  a  non-r.eoplastic  disease  which  was 
considered  the  primary  cause  of  death  or  a  major  contributing  disease. 

®Dogs  included  in  this  total  also  appear  in  other  categories. 


Tabic  27 


Ociurrence  of  Cancers  of  the  Respiratory  Tracts  in  Dogs  that 
Inhaled  and  Were  Followed  for  Life-Span  Observation 


Tattoo 

Relationship 
to  Death 

Site 

Morphology 

USA 

PCOD 

Nose,  Epithelium 

Carcinoma,  Squamous  Cell 

134C 

PCOD 

Nose,  Epithelium 

Carcinoma,  Squamous  Cell 

I71F 

PCOD 

Nose,  Epithelium 

Carcinoma,  Squamous  Cell 

I73F 

PCOD 

Lung 

Adenocarcinoma,  Bronchioloalveolar 
w/Squamous  Metaplasia 

171B 

INCD03 

Lung,  Right  Cardiac  Lobe 

Adenocarcinoma,  Papillary,  Primary 

171B 

INCD02 

Lung,  Right  Diaphragmatic  Lobe 

Adenocarcinoma,  Papillary,  Primary 

U9A 

1NCD04 

Lung,  Left  Diaphragmatic  Lobe 

Adenocarcinoma.  Papillary 

173G 

1NCD02 

Lung,  Left  Diaphragmatic  Lobe 

Adenocarcinoma,  Bronchioloalveolar 

I74A 

PCOD 

Lung,  Left  Diaphragmatic  Lobe 

Adenocarcinoma,  Papillary 

PCOD  =  Primary  Cause  of  Death 
INCD  3:  Incidental  Findings 
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3.  Late-Occurring  Effectii  From  Inhaled  ~-^’*PuO-,  in  Dogs 


B.  A.  Muggenburg,  R.  A.  Cuilmctte,  W.  C.  Griffith,  F.  F.  Hahn,  N.  A.  Cillett*,  and 
B.  B.  Boecker 


Plutonium-238  is  used  as  a  thermal  electrical  energy  source  m  spacecraft  and  in  other  applications  ip  which 
a  long-term  power  source  is  needed.  It  poses  a  potential  hazard  to  humans  during  the  manufacture  of  these  power 
sources,  in  the  accidental  lo.ss  of  containment  from  ihe.se  devices,  and  from  wa.ste  of  certain  nuclear  power  cycles. 
Fortunately,  few  individuals  have  been  accidentally  exposed  to  ^•^’*Pu;  iherefore,  it  is  neces.sary  to  obtain  information 
concerning  its  toxicity  from  animal  experiments.  Inhalation  was  selected  l>ecau.se  it  is  the  mostly  likely  route 
of  human  exposure  in  the  event  of  an  accidental  airborne  relea.se.  The  study  reported  here  was  conducted  in  144 
Beagle  dogs  that  inhaled  munodisperse  aerosols  of  *^*'Pu02.  and  24  dogs  that  inhaled  only  the  aerosol  vehicle. 
The  aerosols  were  prepared  using  the  method  of  Raabe  ei  al.  (Health  Phy.t.  28:  655,  1975).  Seventy-two  dogs 
inhaled  1,5  pm  activity  median  -lerodynamic  diameter  (AMAD)  particles,  and  72  dogs  inhaled  3.0  pm  AMAD 
particles  of  ^^^PuOj.  The  geometric  standard  deviations  for  the.se  distnhutions  were  <1.2,  indicating  monodisperse 
sizes.  For  each  particle  size,  dogs  were  exposed  to  achieve  one  of  the  following  graded  activity  levels  of  ILB: 
21,  10,  5,  3,  1,  or  0.4  kPq  ^^*Pu/kg  body  rna.ss.  The  exposures  resulted  in  ILBs  of  37  to  0. 1 1  kBq/kg  body 
mass  and  from  55.5  to  0.37  kliq/kg  body  ma.ss  for  the  exposures  to  1.5  pm  AMAD  and  3  pm  AMAD  particles, 
respectively. 

Male  and  female  dogs,  1 1  to  13  months  old  at  the  time  of  exposure,  were  u.sed.  All  dogs  were  observed 
twice  daily  for  health  problems.  Yearly  physical  examinations  were  given;  radiographs  of  the  head,  chest,  abdomen, 
and  limbs  taken;  and  blood  drawn  for  cell  counts  and  serum  chemistry  determinations.  Sick  dogs  had  diagnostic 
tests  performed  and  except  for  tumors  of  the  lung,  liver,  and  skeleton,  disea.ses  were  treated  using  accepted  standard 
veterinary  procedures.  Dogs  that  had  apparent  fatal  disea,se.s  or  signs  of  di.scomfort  were  euthanized.  A  necropsy 
was  performed  on  each  dog  after  death;  all  major  organs  and  all  gro.ssly  apparent  lesions  were  sampled  for 
histopathology. 

Average  alpha  doses  to  lung,  skeleton,  and  liver  were  calculated  using  radiochemical  analytical  data  for 
tissue  and  excreta  by  the  methtxJs  of  Mewhinney  and  Die!  (Health  Pint.  45;  39,  1983). 

At  the  end  of  the  study,  the  clinical  records  and  pathology  findings  were  reviewed  by  a  pathologist  and 
a  veterinary  clinician:  final  diagnoses  were  reached  for  all  dogs.  The  findings  were  cla.ssified  as:  (1)  primary 
cau.se  of  death;  (2)  major  contributing  disease;  and  (3)  incidental  findings. 

The  first  lung  tumor  was  detected  in  a  dog  euthanized  because  of  severe  radiation  pneumonitis  at  966 
days  post-inhalation  exposure  (DPE),  and  the  first  death  due  to  a  lung  tumor  ixcurred  at  1319  DPE.  Lung  tumors 
were  detected  in  47  dogs  (Table  28);  of  this  group,  lung  tumor  was  the  primary  cause  of  death  in  eight  dogs 
that  died  from  3.6  to  12.3  years  af.er  plutonium  exposure  (Fig.  35).  Twenty-seven  dogs  that  died  from  bone 
tumors  also  had  lung  tumors.  The  phenotypes  of  these  tumors  were  primarily  bronchioloalveolar  carcinomas  and 
papillary  adenocarcinomas  that  arose  in  the  pulmonary  region  of  the  lung. 


Skeletal  tumors  comprised  the  majority  (92  dogs)  of  the  tumors  found  in  the  exposed  dogs.  These  tumors 
were  primarily  osteosarcomas  that  occurred  with  some  site  preference  in  the  axial  skeleton  and  head  of  the  humerus. 
The  first  tumor  was  detected  in  a  dog  that  died  1 125  DPE.  Eighty-nine  dogs  with  bone  tunior;s  as  the  primary 
cause  of  death  (Table  29)  died  from  3,1  to  13.2  years  after  inhalation  of  plutonium  (Fig.  1);  22  of  the  89  dogs 
also  had  additional  primary  b<me  tumors  (Table  29). 

Liver  tumors  were  detected  in  19  dogs  and  caused  the  death  of  two  dogs  at  6.6  and  13.2  years  after 
plutonium  inhalation  (Table  30).  In  12  dogs,  liver  tumors  were  a  major  contributing  factor  in  deaths  from  either 
bone  or  lung  tumors.  Thirteen  of  the  19  dogs  had  a  variety  of  malignant  liver  tumors:  6  had  only  benign  liver 
tumors.  Risk  estimates  were  calculated  us.ng  only  dogs  with  malignant  tumors. 


♦Currently  at  Genentech.  Inc.,  San  Francisco.  California. 
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T»b!e  28 


Number  of  Dogs  with  Lung  Tumors  after  Inhalation  of 
^^®PuO^  Aerosols  or  Gintrol  Exposures  to  the  Aerosol  Vehicle 


Exposed 

Control 

Primary  Cause  of  Death* 

8 

2 

Major  Contributing  Disease 

with  bone  tumors  u  PCD^ 

27 

0 

with  liver  tumors  as  PCD^ 

2 

0 

with  other  diseases  as  PCD^ 

6 

0 

Incidental  Finding 

JL 

JL 

Total  Dogs  with  lung  tumors 

47 

2 

*Two  dogs  with  lung  tumors  u  the  primary  cause  of  death  also  had  other 
primary  lung  tumors  of  different  phenotypes. 

T»CD  >■  primary  cause  of  death. 
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Figure  35.  The  time  of  death  of  individual  dogs  with  lung  (8),  bt.ne  (8*^),  or  liver  (2)  tumors  as  the  primary  cause  of 
death  IS  given  in  relationship  to  the  initial  lung  burden  of  ••**Pu02.  The  contnd  dogs  are  also  shown. 
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Table  29 


Number  of  Doi;s  with  Bone  Tumors  after  Inhalation  of 
Pu02  Aerosols  or  Control  Exposures  to  the  Aerosol  Vehicle 


Exposed 

Control 

Primary  Cause  of  Death* 

89 

0 

Major  Contributing  Disease 

with  liver  tumors  as  PCD^ 

1 

0 

with  lung  tumors  as  PCD^ 

I 

0 

with  other  diseases  as  PCD** 

_L 

_0. 

Total  Dogs  with  bone  tumors 

92 

0 

“Twenty  two  dogs  had  more  than  one  primary  bone  tumor,  and  one  of  the  bone 
tumors  was  the  cause  of  death. 

*T>CD  ••  primary  cause  of  death. 
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Table  30 

Number  of  Dogs  with  Liver  Tumors  after  Inhalation  of 
^■^’1^102  Aerosols  or  Control  Exposures  to  the  Aerosol  Vehicle 


Exposed 

Control 

Primary  Cause  of  Death 

2 

0 

Major  Contributing  Disease 

with  bone  tumors  as  PCD*'^ 

9 

0 

with  lung  tumors  as  PCD“’^ 

3 

0 

with  other  diseases  as  PCD*'** 

5 

Jl 

T<''al  Dogs  with  liver  tumors* 

19 

2 

“Some  dogs  had  multiple  primary  liver  tumors  of  different  phenotypes. 
^PCD  •=  primary  cause  of  death. 

^Adenorroi  of  the  liver. 


As  shown  in  Figure  35.  lung  and  hone  tumors  as  the  cause  of  death  appeared  over  simtl  ir  ranges  of  ILB 
and  times  after  exposure.  Fatal  liver  tumors  occurred  at  a  somewhat  lower  ILB  and  at  longer  times  after  plutonium 
exposure  than  lung  and  hone  tumors.  The  first  dog  died  from  a  liver  tumor  at  6.6  yr  after  plutonium  inhalation 
in  comparison  to  3.6  yr  for  lung  and  3.1  yr  for  hone  tumors. 

Ba.seai  upon  the  age-specific  incidence  of  the  tumors,  a  proportional  hazards  model  wa.s  uscil  to  estimate 
the  relative  nsk  as  the  ratio  of  changes  in  the  age-specilic  incidence  as  a  function  of  the  radislion  dose.  The 
model  used  nonparametric  estimates  of  the  baseline  hazjrd  a.nd  additive  linear  functions  of  the  radiation  dose  for 
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the  relative  risk,  similar  to  the  methods  used  in  the  BEIR  V  Report  (NAS/NRC.  Health  Effects  of  Exposure  to 
Low  Levels  of  Ionizing  Radiation,  National  Academy  Press.  Washington,  DC,  1990).  Because  the  relative  risk 
was  a  linear  function  of  the  dose  for  dogs  that  had  an  ILB  of  less  than  7  kBq/kg  body  mass,  dogs  exposed  above 
this  level  were  not  used  in  the  risk  estimates.  The  lifetime  risks  were  estimated  at  low  radiation  doses,  since 
at  this  level  increased  mortality  from  competing  causes  other  than  tumors  in  the  lung,  liver,  and  bone  would  be 
unlikely.  The  mortality  rates  from  these  competing  causes  were  estimated  from  the  control  dogs.  This  rate  was 
combined  with  the  increased  incidence  for  lung,  liver,  or  bone  cancer  to  calculate  the  excess  cancers  over  the 
life  span  of  the  dog. 

The  estimated  lifetime  risks  are  280  lung  cancers/10^  Gy,  80  liver  cancers/10^  Gy,  and  620  bone  cancers/ 
10^  Gy.  These  estimates  are  based  upon  the  occurrence  of  malignant  tumors  and  time  to  initial  diagnosis  of  tumor 
formation  judged  from  periodic  radiographs  of  the  dog.s. 

The  original  expectation  in  this  study  was  that  the  particles  of  ^^*PuC  j  would  be  retained  in  the  lung 
for  very  long  times  like  particles  of -^‘^Pu02,  resulting  in  chronic  irradiation  of  lung  tissues.  It  was  quickly  realized 
that  the  ^^*Pu02  plutonium  particles  were  dissolving,  and  the  -^’*Pu  was  being  translocated  to  liver  and  skeleton. 
Diel  and  Mewhinney  {Health  Phys.  44:  1 35,  1983)  hypothesized  that  the  particles  fragmented  because  of  the  absorbed 
alpha  dose  within  particles  related  to  high  specific  activity  of  the  -^*Pu.  The  resulting  do.se  pattern  included  the 
lung,  skeleton,  and  liver  as  organs  receiving  relatively  high  alpha  doses  (Mewhinney  and  Diel,  1983).  These 
organs  then  expressed  the  majority  of  the  late  biological  effects  observed  in  this  experiment,  tumors  of  the  lung, 
skeleton,  and  liver.  Bone  and  lung  tumors  were  expressed  first  and  dominated  the  cause  of  death  for  the  first 
6  years  (Hahn,  F.  F.  et  al.  J.  Hath  Cancer  hust.  67:  917,  1981).  Liver  tumors  became  important  in  the  final 
years  of  this  study,  but  many  of  these  were  not  the  primary  cau.se  of  death  (Gillett.  N.  A.  et  al.  Am.  J.  Pathol. 
133:  265,  1988).  Bone  and  liver  tumors  have  been  observed  in  other  studies  in  which  dogs  have  inhaled  ^■^’*Pu02 
or  been  injected  with  soluble  forms  of  ^^^Pu  (Dagle,  G.  E.  et  al.  In  Life-Span  Radiation  Effects  Studies  in  Animals.' 
What  Can  They  Tell  Us?  {R.  C.  Thompson  and  J.  A.  Mahaffey,  eds.),  p.  471,  OSTI,  USDOE,  1986;  Wrenn, 
M.  E.  et  al.  In  Life-Span  Radiation  Effects  Studies  in  Animals:  What  Can  They  Tell  Us?  [R.  C.  Thompson 
and  J.  A.  Mahaffey,  eds.|,  p.  32,  OSTI,  USDOE.  1986).  In  these  studies,  as  in  our  study,  liver  tumors  appeared 
later  than  bone  tumors  (Taylor,  G.  N.  et  al.  In  Life-Span  Radiation  Effects  Studies  in  Animals:  What  Can  They 
Tell  Us?  (R.  C.  Thompson  and  J.  A.  Mahaffey.  eds.],  p.  268.  OSTI,  USDOE,  1986.) 

The.se  results  have  important  implications  for  the  estimate  of  risk  to  humans  that  inhale  aerosols  of  ■^’’Pu, 
because  dose  patterns  are  probably  similar  in  dogs  and  humans  (International  Commission  on  Radiological  Protection 
[ICRP],  The  Metabolism  of  Plutonium  and  Related  Elements,  Ann.  ICRP  16,  1986).  Risk  estimates  for  alpha- 
emitting  radionuclides  for  humans  are  70  lung  cancers/Kf’  person-Gy  for  underground  miners,  20  bone  cancers/ 
10^  person-Gy  for  -^'*Ra-injected  patients,  and  30  liver  cancers/l(>*  person-Gy  for  Thorotrast  patients  (N'.AS/NRC, 
1990).  These  risk  estimates  are  lower  than  those  for  dogs  in  this  experiment.  This  may  be  due  to  true  species 
differences  or  an  underestimation  of  risks  for  plutonium  in  humans.  Risk  considerations  must  include  bone  and 
liver  as  important  possible  consequences  in  human  accident  cases,  and  the  effects  of  retention  of  -^’’Pu  in  the 
lung  should  be  considered  as  different  from  --^’Pu. 


4.  Long-Term  Effects  of  Repeated  Inhalation  Exposures  of  Dogs  to  ^^PuO,:  A  Preliminary  Report 


J.  H.  Diel,  B.  A.  Muggenburg,  F.  F.  Hahn,  I.  Y.  Chang,  and  R.  A.  Guilmette 

Plutoniura-239  is  a  relatively  abundant,  manmade,  alpha-emitting  isotope  used  in  nuclear  reactors  and 
explosive  devices.  The  production  and  handling  of  this  material  carries  the  potential  for  inhalation  exposures 
to  respirable  aerosols,  particularly  in  the  dioxide  form.  Many  studies  have  examined  the  health  effects  of  inhaled 
^^PuO,.  The  primary  health  effect  observed  in  such  studies  is  radiation  pneumonitis  or  pulmonary  fibrosis  at 
early  times  and  lung  cancer  at  later  times.  There  is  some  evidence  that,  as  in  the  case  of  beta  or  gamma  radiation, 
dose  rate  influences  the  effectiveness  of  internal  alpha  emi.ssions  in  producing  lung  cancer. 

This  paper  examines  the  relationship  between  the  dose  rate  and  the  production  of  lung  cancer  in  Beagle 
dogs  exposed  once,  resulting  in  a  decreasing  dose  rate  pattern  with  time,  and  dogs  exposed  repeatedly,  resulting 
in  an  increasing  dose  rate  pattern  with  time.  Exposure  levels  were  chosen  such  that  the  two  groups  would  receive 
approximately  equal  doses  over  their  lifetimes  and  .so  that  no  acute  effects  were  expected.  In  this  study,  the  dogs 
received  single  or  repeated  pemasal  inhalation  exposures  to  0.75  ^Jm  aerodynamic  diameter  monodisperse  aerosols 
of  ^^PuOj  and  were  maintained  for  their  lifetime  to  observe  the  biological  effects  of  these  exposures. 

Dogs  used  in  these  studies  were  young  adult,  purebred  Beagles  raised  in  the  Institute's  colony.  Equal 
numbers  of  males  and  females  were  used.  Each  dog  was  physically  evaluated  before  initial  exposure  to  a.ssure 
its  general  good  health  and  fitness  for  inclusion  in  the  study.  Dogs  were  first  exposed  at  about  1  year  of  age. 

Exposure  methods  for  this  study  have  been  reported  (Diel,  J.  H.  et  al.  Radiat.  Res.,  in  press).  The 
23  dogs  expo.sed  once  received  an  average  of  0.80  ±  0.31  kBq  per  kg  body  mass  (±  standard  deviation)  of  Pu 
in  their  one  exposure  to  an  aerosol  of  ^’PuO,.  Thereafter,  they  were  sham  exposed  semi-annually.  Dogs  exposed 
repeatedly  were  exposed  to  aerosols  of  ^'^PuOj  semiannually.  Exposures  were  continued  for  20  exposures  or 
until  the  dogs  were  either  euthanized,  died,  or  were  judged  in  sufficiently  poor  health  to  be  at  risk  from  the  exposure 
procedure.  Each  dog  was  exposed  between  12  and  20  times  (mean  =  18).  The  23  dogs  received  an  average 
of 0.069  ±  0.044  kBq  per  kg  body  mass  per  exposure.  (One  dog  exposed  once  was  overexposed  and  died  prematurely 
of  radiation  pneumonitis  and  pulmonary  fibrosis.  One  repeatedly  expo.sed  dog  died  accidentally  during  its  second 
exposure.  These  two  dogs  are  not  considered  in  the  analysis  and  are  not  included  in  the  above  totals.) 

A  gamma-emitter,  ’*^Yb,  was  incorporated  info  the  -’’PuOt  particles  a.s  a  radioactive  tag  to  measure 
initial  dejiosition  and  early  retention  by  whole-fxxiy  counting.  Four  dogs  exposed  once  and  four  exposed  repeatedly 
had  excreta  collected  periodically  after  exposure  up  to  their  time  of  death  to  aid  in  dose  calculations.  Lung,  liver, 
tracheobronchial  lymphnodes.  media.stinal  lymph  nodes,  mediastinal  tissue,  femur,  humerus,  and  lumbar  vertebrae 
taken  at  necropsy  were  as.sayed  radiochemically  for  Pu  content  on  all  dogs.  An  analysis  of  samples  from  all  tissues 
was  carried  nut  on  a  small  group  of  dogs  to  confirm  that  the  vast  m.ijority  of  the  Pu  activity  was  located  in  the 
tissues  analyzed  for  all  dogs. 

Only  the  dosimetry  of  the  lung  is  described  because  the  activity  found  in  tissues  other  than  the  lung  and 
associated  lymph  nodes  wa.s  less  than  5%  of  the  body  burden,  and  all  radiation  effects  making  major  contributions 
to  the  deaths  of  the  animals  tKcurred  in  the  lung. 

The  clearance  of  Pu  from  the  lungs  of  dogs  exposed  once  is  char.icterized  by  a  two-component,  negative- 
exponential  clearance  equation  where  71  of  the  material  is  cleared  with  a  half  time  of  315  days  and  the  remainder 
with  a  half  time  of  9400  days.  This  clearance  equation  is  ba.sed  on  the  initial  and  final  lung  burdens  of  dogs 
exposed  once  and  on  similar  data  for  dogs  sacrificed  in  a  single  exposure  dosimetry  study  reported  previously 
(Guilmette,  R.  A.  et  nl.  hit.  J.  Radial.  Biol.  45:  563.  1934). 


The  clearance  of  Pu  from  the  lungs  of  dogs  repeatedly  exposed  to  Pu  was  calculated  using  the  a.ssumption 
that  the  clearance  for  each  exposure  was  the  same  as  for  the  dogs  exposed  once.  'Diis  methixi  of  calculation  resultetl 
in  good  agreement  between  the  calculated  lung  burden  at  death  and  the  lung  burden  measured  by  radiochemical 
analysis  of  the  lung.  The  resulting  lung  burdens  and  dose  rates  for  both  Mngle  and  repeated  exposures  are  shown 
in  Figure  36  for  hypothetical  dogs  receiving  lung  burdens  equal  to  the  average  per  exposure  for  each  study. 
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Figure  36.  Comparison  of  lung  burdens  and  dose  rates  for  dogs  exposed  once  or  repeatedly  by  inhalation  to  0.75  fjm 
aerodynamic  diameter  aerosols  of  ^^^PuOj.  Curves  represent  calculations  for  dogs  exposed  to  the  average 
activity  in  each  exposure. 


Dogs  exposed  once  lived  an  average  of  10.4  ±  2.8  yr  (±  standard  deviation)  after  exposure  and  received 
an  average  dose  of  6.7  ±  3.0  Gy  to  lung.  Dogs  exposed  repeatedly  lived  an  average  of  9.8  +  1.9  yr  after  first 
exposure  and  received  a  dose  of  7.4  ±  2.3  Gy  to  lung. 


The  most  common  pathologic  finding  among  the  dogs  was  lung  cancer.  Sixteen  of  the  dogs  exposed 
once  died  with  this  effect  as  did  16  of  the  repieatedly  exposed  dogs.  Other,  presumably  non-radiation  related, 
cancers  occurred  in  other  organs  as  would  be  expected  in  any  population  of  dogs  living  this  long,  based  on  controls 
grouped  from  other  studies.  The.se  included  two  dogs  exposed  once,  one  with  a  dis.seminated  sarcoma  and  the 
other  with  a  mammary  gland  adenocarcinoma,  and  four  dogs  exposed  repeatedly  that  died  with  a  pituitary  carcinoma, 
a  transitional  cel!  carcinoma  of  the  bladder,  an  hemangiosarcoma  of  the  vertebra  and  a  melanoma  of  the  oropharynx, 
respectively.  Dogs  dying  of  noncancerous  effects  included  three  dogs  exposed  once  and  three  dogs  exposed  repeatedly. 
The  primary  diagnoses  on  these  dogs  included  congestive  heart  failure,  immune  hemolytic  anemia,  vertebra!  disc 
herniation,  ruptured  gall  bladder,  bronchopneumonia,  and  accidental  death.  Two  of  the  dogs  exposed  only  once 
are  still  alive.  Figure  37  shows  the  survival  times  i>nd  primary  findings  at  death  of  the  dogs  in  this  study. 

The  parameter  used  to  compare  the  effectiveness  of  the  two  modes  of  exposure  was  the  time  from  first 
or  only  exposure,  to  death  with  lung  cancer.  This  health  effect  was  chosen  becau.se  it  is  the  dominant  effect  in 
this  study  and  the  primary  effect  expected  from  inhalation  of  insoluble  radioactive  materials  deposited  in  deep 
lung.  The  Cox  proportional  hazards  model  (Cox,  D.  R.  Biometrika  62:  269,  1975)  was  used  for  the  comparison 
of  the  two  modes  of  exposure.  The  model  considers  ail  causes  of  death,  so  that  all  dogs  are  used  in  the  analysis. 
It  was  found  that  the  survival  time  after  first  or  only  expo.sure  to  death  with  lung  cancer  does  not  depend  on 
whether  the  animal  was  exposed  once  or  semiannually  (p  =  0.31).  Ba,sed  on  this  preliminary  analysis,  for  dogs 
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exposed  either  once  or  repeatedly  to  obtain  a  decreasing  or  increasing  alpha  dose  rate  with  time,  the  survival  of 
animals  dying  from  lung  cancer  appears  to  be  independent  of  dose  rate  and  depended  only  on  the  total  cumulative 
radiation  dose  to  lung.  Thus,  at  least  for  this  case  based  on  this  preliminary  analysis,  the  dose  rate  does  not 
influence  the  effectiveness  of  alpha  radiation  in  the  production  of  lung  cancer.  The  final  detailed  analysis  of  this 
study  will  be  completed  when  all  dogs  are  dead  and  the  medical  records  are  reviewed. 
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Figure  37.  Survival  of  dogs  exposed  by  inhalation  to  0.75  diameter  aero.sols  of -^'^PuOt.  Circles  represent  dogs 
dying  of  lung  cancer;  .squares  represent  dogs  dying  of  other  cancers;  tnangles  repre.sent  dogs  dying  of  other 
causes;  and  inverted  triangles  represent  live  dogs.  Empty  .symfxjls  indicate  single  exposures,  and  tilled 
symbo-s  refer  to  repeated  exposures. 


B.  B.  Boecker,  W.  C.  Griffith,  F.  F.  Hahn,  D.  L.  Lundgren,  and  B.  A.  Muggenburg 

Fission  product  radionuclides  were  the  type  of  radionuclides  first  studied  at  ITRI  to  determine  the  life¬ 
span  health  risks  of  inhaled  radionuclides,  the  influence  of  various  dose  and  effect  modi  fy  ing  factors,  and  to  extrapolate 
these  results  to  possible  human  inhalation  exposures  for  which  no  direct  human  data  exist.  The  radionuclide  *'*^Ce* 
has  been  used  for  a  number  of  these  studies  as  a  "typical”  fission  prcxiuct  with  a  moderately  long  radioactive 
half-life  (284  days)  and  energetic  beta  emissions  (E  =  1.27  MeV).  Studies  in  which  ’■*^Ce  has  been  used  in 
dogs  include  investigations  of  solubility  effects  in  young  adults,  age-related  effects,  repeated  exposure  studies, 
and  alpha-to-beta  comparison  studies  with  -^^Pu.  This  report  is  an  interspecies  analysis  of  life-span  lung  tumor 
incidences  seen  in  mice,  rats,  and  dogs  after  inhalation  of  ''*^Ce  in  a  relatively  insoluble  form.  This  preliminary 
analysis  is  then  used  to  estimate  a  lung  cancer  risk  factor  for  persons  exposed  to  chronic  beta  radiation  from 
radionuclides  deposited  in  their  lungs. 

In  the  three  studies  discussed,  the  animals  were  exposed  once,  briefly,  by  inhalation  to  aerosols  of  *'*^CeO, 
(C57B1/6J  mice  or  r344/Crl  rats)  or  '"’^Ce  in  fused  aluminosilicate  particles,  FAP,  (Beagle  dogs)  and  maintained 
for  life-span  observation.  Multiple  dose  levels  were  included  in  each  study  to  investigate  the  dose-response 
relationship.  Detailed  methodology  for  these  studies  has  been  given  for  mice  in  Lundgren,  D.  L.  et  al.  Health 
Phys.  38:  643,  1980:  for  rats  in  Lundgren,  D.  L.  et  al.  Radiat.  Res.  (in  press);  and  for  dogs,  in  the  1969-70 
Annual  Report,  p.  183.  Average  doses  to  the  lungs  and  other  target  organs  were  computed  from  each  animal's 
whole-body  retention  data  and  tissue  distribution  data  observed  in  animals  that  inhaled  ''*'^Ce  in  a  similar  form 
in  parallel  serial  sacrifice  studies.  Biological  effects  were  obserx'ed  during  life,  at  necropsy  and  by  histopathological 
examinations  of  tissue  specimens.  Because  the  dog  studies  are  being  reviewed  by  a  pathologist  and  a  veterinary 
clinician  to  develop  final  diagnoses,  this  study  is  still  considered  to  be  in  progress.  Proportional  hazards  methodology 
was  used  to  analyze  and  compare  the  dose-response  patterns  observed  for  the  different  species  used  in  these  studies 
(Kalbfleisch,  J.  D.  and  R.  L.  Prentice.  The  Statistical  Analysis  of  Failure  Time  Data,  Wiley,  New  York,  p. 
55,  1980). 

Some  numerical  details  relating  to  these  studies  are  given  in  Table  31.  The  number  of  exposed  animals 
ranged  between  100  and  200  and  the  controls  between  100  and  400  in  each  study.  Figure  38  shows  the  patterns 
of  average  pulmonary  retention  of  '‘*^Ce  seen  in  these  three  species.  As  has  also  been  seen  in  studies  with  other 
inhaled  aerosols,  the  rats  and  mice  had  a  prolonged  early  clearance  phase  that  was  minimal  in  the  dogs,  resulting 

Table  31 


Experimental  Design  and  Dosimetry  Factors  for  Laboratory  Animals 
that  Inhaled  a  Relatively  Insoluble  Form  of  *‘*'*Ce  and 
were  Maintained  for  Life-Span  Observations 


Species* 

Number  of  Animals 

ILB 

(kBq/kg)*’ 

Committed  Dose  to  Lung 

Exposed 

Control 

Time  to  95  % 

(y) 

Total  Dose 
(Gy/kBq/kg) 

Mouse 

178 

400 

370-8400 

0.95 

0.024 

Rat 

180 

115 

10-1200 

0.95 

0.031 

Dog 

111 

117 

0.09-7800 

2.5 

0.17 

“Mice  were  C57B1/6J,  rats  were  F344/Crl  and  dogs  were  Beagles. 

^Initial  lung  burden  expressed  as  kBq  of  ^‘^‘^Ce  activity  in  the  lung  per  kg  of  body  mass. 


*In  this  report,  use  of  the  term  '‘*'*Ce  refers  to  an  equilibrium  mixture  of  ’‘*^Ce-’'*'^Pr 
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in  a  long-term  retention  component  in  the  rodents  that  represented  I/IO  or  less  of  the  magnit'jde  of  the  long¬ 
term  retention  component  in  the  dogs.  These  differences  in  pulmonary  retention  were  reflected  in  the  calculated 
doses.  Because  of  the  relatively  fast  clearance  of  *‘*^Ce  from  lungs  of  the  mice  and  rats,  they  received  9.5%  of 
the  committed  or  infinite  absorbed  beta  dose  in  about  0.95  yr.  In  the  dogs,  for  which  pulmonary  retention  was 
more  prolonged,  it  took  2.5  yr  to  reach  95%  of  the  committed  dose,  resulting  in  a  normalized  dose  commitment 
factor  (dose  to  lung  divided  by  the  initial  lung  burden)  that  was  about  5  times  larger  than  seen  in  mice  or  rats 
(Table  31). 


Figure  38.  Pulmonary  retention  of ‘‘‘^Ce  inhaled  in  relatively  in.soluble  forms  by  the  mouse,  rat  and  dog.  Thesecurves 
are  uncorrected  for  radioactive  decay.  For  comparison,  the  pulmonary  retention  of  an  ICRP  class  Y 
material  in  humans  is  also  shown  (ICRP  Publication  30,  Ann.  ICRP  2,  1979). 


Table  32  gives  the  total  number  of  lung  tumors  seen  and  the  relative  distribution  of  tumor  types  for  each 
species.  For  mice,  the  predominant  tumor  types  were  adenomas  and  adenocarcinomas;  for  rats,  adenocarcinomas 

Table  32 


Relative  Distribution  of  Lung  Tumor  Types  Seen  in  Mice,  Rats, 
and  Dogs  that  Inhaled  a  Relatively  Insoluble  Form  of  ^‘*^Ce 
and  were  Maintained  for  Life-Span  Observations 


Lung  Tumor  Type 

Percent  of  Tumor  Totals 

Mice 

(75  Tumors) 

Rats 

(23  Tumors) 

Dogs 

(27  Tumors)® 

Adenoma 

65 

13 

0 

Adenocarcinoma 

28 

61 

63 

Squamous  Cell  Carcinoma 

4 

22 

0 

Hemangiosarcoma 

3 

4 

30 

Other  Sarcomas 

0 

0 

7 

^Analyses  of  the  dog  data  are  siiil  i.n  progress. 
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and  squamous  cell  carcinomas;  and  for  dogs,  adenocarcinomas  and  hemangiosarcomas.  The  dose-response  analyses 
given  below  are  based  on  the  numbers  of  animals  with  lung  tumors.  The  hemangiosarcomas  and  other  sarcomas 
were  not  included  because  they  usually  occurred  earlier  and  at  higher  doses  than  the  carcinomas.  Because  adenomas 
in  mice  are  considered  to  be  precursors  of  adenocarcinomas,  and  the  same  may  be  true  for  rats,  adenomas  were 
included  in  the  analyses. 

The  proportional  hazards  calculation  of  relative  and  absolute  risks  was  made  using  relationships  (1)  -  (3). 

Proportional  hazards:  k(t)  =  k^(t)  (1  +  flD(t))  (1) 

In  this  relationship,  k(t)  is  the  total  age-specific  lung  tumor  incidence  rate,  kg(t)  is  the  background  lung 
tumor  incidence  rate,  fi  is  the  relative  risk  coefficient,  and  D(t)  is  the  cumulative  absorbed  beta  dose  to  lung  to 
time  t.  The  relative  and  lifetime  risks  are; 

Linear  relative  risk  =  1  +  BD(t)  (2) 


Lifetime  nsk  =  S(t)  (X(t)  -  >^(0)  dt. 


(3) 


where  S(t)  is  the  fractional  survival  at  time  t. 

Figure  39  gives  a  plot  of  the  estimated  lifetime  risks  of  developing  a  lung  carcinoma  as  a  function  of 
absorbed  dose.  The  close  agreement  in  the  responses  of  these  three  species  is  apparent.  Numerical  values  for 
the  lifetime  risk  factors  for  lung  cancers,  corresponding  to  slopes  of  these  lines,  are  given  in  Table  33.  These 
lifetime  risk  factors  were  quite  consistent  among  species,  ranging  from  55  to  88  lung  cancers/ 10"*  Gy,  a  factor 
of  1.5  from  lowest  to  highest.  This  consi.stency  occurred  among  three  species  of  laboratory  animals  differing 
greatly  in  body  size,  life  span,  pulmonary  retention  and  dose  patterns.  ALso  included  in  Table  3  are  values  for 
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Figure  39.  Lifetime  risk  of  developing  lung  cancer  from  chronic  beta  irradiation  resulting  from  a  brief  inhalation 
exposure  to  a  relatively  insoluble  forinof '■*'*Ce.  All  three  species  were  obser/ed  over  their  entire  lifespans. 
Risks  were  calculated  using  proportional  hazards  methods. 
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the  relative  risk  factors  ()5).  These  relative  risk  factors  were  less  consistent  among  species  than  the  lifetime  risk 
factors,  ranging  from  0.10  to  0.50  /Gy,  a  factor  of  5.  The  consistency  among  lifetime  risk  factors  compared 
with  relative  risk  factors  indicates  that  the  lifetime  risk  basis  may  be  the  best  way  to  compare,  across  species, 
lung  tumor  risks  from  chronic  beta  irradiation. 


Table  33 

Species  Characteristics,  Dose  Commitment  Factors  and 
Lung  Cancer  Risk  Factors  (Lifetime  and  Relative)  for 
Laboratory  Animals  that  Inhaled  *^^Ce  in  a  Relatively  Insoluble  Form 


Body 

Mass 

(kg) 

Median 

Lung  Dose 
Commitment 
(Gy/kBq/kg) 

Risk  Factors 

Species 

Life  Span 

(yr) 

Lifetime* 

Relative^ 

Mouse 

0.018 

2.1 

0.024 

55 

0.35 

Rat 

0.20 

2.2 

0.031 

88 

0.50 

Dog 

10 

14 

0.17 

70 

0.10 

*Lung  cancers/lO'*  Gy. 

^Relative  risk/Gy  (fi). 

If  one  assumes  that  the  lifetime  risk  approach  is  the  best  way  to  compare  these  lung  cancer  risks  over 
different  species,  what  is  a  reasonable  way  to  extrapolate  from  chronic  beta  irradiation  to  human  lung  cancer  risks? 
The  consistency  of  values  among  the  species  studied  indicates  that  the  best  approach  at  the  present  time  is  to  assume 
that  the  mean  of  the  risk  factors  seen  in  the  species,  71  lung  cancers/10'*  Gy,  applies  directly  as  the  human  lung 
cancer  risk  factor  for  chronic  beta  irradiation. 

Although  no  human  data  are  available  from  which  to  directly  compute  a  lung  cancer  risk  factor  for  chronic 
beta  irradiation,  lung  cancer  data  from  the  Japanese  atomic  bomb  survivors  are  available  for  acute  external  gamma 
irradiation.  Table  4-3  in  the  BEIR  V  Committee  Repiort,  Health  Effects  of  Exposure  to  Low  Levels  of  Ionizing 
Radiation,  National  Academy  Piess,  Wa,'hington,  DC.  1990,  gives  the  risk  for  cancers  in  various  organs  as  a 
function  of  age  at  exposure.  Using  a  human  age  of  25  y  to  correspond  with  the  young-adult  status  of  the  animals 
used  in  this  study,  one  finds  a  nsk  factor  of  125  lung  cancers/lO"*  Sv.  which  for  low-LET  radiation  is  the  same 
as  125  lung  cancers/lO'*  Gy.  A  direct  comparison  of  this  risk  factor  with  the  risk  factor  of  71  lung  cancers/ 
10*  Gy  indicates  that  chronic  beta  radiation  may  be  less  effective  than  acute  gamma  radiation  by  a  factor  of  about 
2.  This  difference  can  be  considered  as  a  dose-rate  effectiveness  factor,  DREF,  between  low-LET  radiations  delivered 
(a)  briefly  at  a  high  rate  and  (b)  over  a  prolonged  period  at  a  low  rate.  The  BEIR  V  Report  and  other  sources 
indicate  that  DREF  factors  may  be  between  2  and  10.  Our  current  estimate,  which  is  consistent  with  the  lower 
end  of  this  range,  indicates  that  prolonged  beta  irradiation  of  the  lung  is  less  effective  than  comparable  radiation 
given  briefly  at  a  high  rate. 

In  summary,  lung  cancer  was  the  major  long-term  nealth  effect  seen  in  mice,  rats,  and  dogs  that  inhaled 
relatively  insoluble  forms  of  ‘■*'*Ce.  When  the  proportional  hazard  method  was  used  to  analyze  the  risks  of  lung 
cancer  in  these  studies,  similar  lifetime  risk  factors  were  found  for  all  three  species.  This  consistency  among 
.species  increased  our  confidence  that  the  mean  lifetime  lung  cancer  risk  factor,  71  lung  cancers/ 10'*  Gy,  could 
be  u.sed  directly  as  an  estimate  of  the  lung  cancer  risk  factor  for  humans  that  receive  chronic  beta  irradiation  of 
the  pulmonary  region.  This  risk  factor  is  about  one-half  that  given  in  the  BEIR  V  Report  for  acute  gamma  exposure 
of  the  lung,  implying  a  DREF  of  2  for  chronic  beta  irradiation. 
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6.  Comparison  of  Inhaled  and  fi-Emitting  Radionuclides  on  the  Incidence  of  Lung 

Carcinomas  in  Laboratory  Animals 

F.  F.  Hahn,  W.  C.  Griffith,  B.  B.  Boecker,  B.  A.  Muggenburg,  and  D.  L.  Lundgren 

Irradiation  of  the  lung  in  sufficiently  high  doses  is  known  to  result  in  lung  carcinomas.  This  result  has 
been  demonstrated  in  populations  of  patients  with  ankylosing  spondylosis  treated  with  thoracic  irradiation,  in  survivors 
of  atomic  bomb  explosions  in  Japan,  and  underground  miners  exposed  to  radon  and  radon  daughter  pnxlucts.  None 
of  these  situations,  however,  directly  applies  to  chronic  alpha  or  beta  irradiation  of  the  deep,  or  alveolar,  portions 
of  the  lung.  Such  can  occur  if  individuals  inhale  radioactive  particles  released  in  reactor  accidents  or  waste 
transportation  accidents.  No  human  populations  are  available  for  study  that  have  inhaled  particles  of  alpha-  or 
beta-emitting  radionuclides  which  deposit  deep  in  the  lung.  To  address  this,  studies  were  initiated  at  ITRI  to 
establish  the  dose-response  relationships  resulting  from  the  inhalation  of  plutonium  dioxide  or  beta-'*mitting 
radionuclides  with  different  radioactive  halflives.  This  paper  briefly  summarizes  the  dose-response  for  lung 
carcinomas  induced  by  these  types  of  lung  irradiation. 

Details  of  the  experimental  design,  animal  exposure,  dosimetry,  and  husbandry  techniques  have  been 
reported.  (McClellan,  R.  O.  et  al.  In  Life-Span  Radiation  Effects  in  Animals.  What  Can  They  Tell  Us?  OSTl, 
U.  S.  DOE,  Oak  Ridge,  TN,  p.  74,  1986;  Lundgren,  D.  L.,  F.  F.  Hahn  et  al.  Radiat.  Res.,  in  press;  Lundgren, 
D.  L.,  P.  J.  Haley  et  al.  Radiat.  Res.,  in  press.)  Beagle  dogs  were  exposed  briefly,  per  nasum,  to  aerosols  of 
^9puOi  of  different  monodisperse  particle  sizes  or  ^'Y,  *'*^Ce  or  '^®Sr  in  relatively  insoluble  forms.  F344 
rats  were  similarly  exposed  but  only  to  aerosols  of  -^’PuOj  or  ’'^CeO,.  The  animals  were  observed  for  their 
life  spans  to  observe  resulting  biologic  effects.  All  animals  have  died,  except  for  some  of  the  dogs  exposed  to 
^’PuOi-  The  incidence  rate  for  lung  carcinomas  was  modeled  as  the  observed  time  course  for  the  appearance 
of  carcinomas  using  a  proportional  hazard  rate  model.  The  proportional  hazards  calculation  of  relative  and  absolute 
risks  was  made  using  the  following  relationships; 

Proportional  hazards:  X(t)  -  l.g(t)  (1  PD(t))  . 

In  this  relationship,  k(t)  is  the  age-specific  lung  tumor  incidence  rate  at  dose  D(t),  k^ft)  is  the  background 
lung  tumor  incidence  rate,  S  is  the  relative  risk  coefficient,  and  D(t)  is  the  time-dependent,  cumulative  absorbed 
dose  to  the  lung.  The  relative  and  lifetime  absolute  risks  are: 

Relatr/e  risk  per  Gy  -  p 


Life-time  risk  per  Gy  -  5(t)  {X{x)-Xg(s))dr  , 


where  S(s)  is  the  fractional  survival  at  time  s.  This  method  is  similar  to  the  techniques  used  in  the  BEIR  IV 
and  BEIR  V  models  of  risk  analysis. 

The  biological  effects  from  these  exposures  have  bee.i  doc  "mented  elsewhere.  (Lundgren,  D.  L.,  et 
al.  Radiat.  Res.,  in  press;  Lundgren,  D.  L.,  F.  F.  Hahn  and  i  Diel,  Radiat.  Res.,  submitted;  Hahn,  F.  F. 
and  D.  L.  Lundgren,  Radiat.  Res.,  in  press;  Annual  Report  on  Long-Term  Dose-Response  Studies  of  Inhaled 
or  Injected  Radionuclides  (B.  B.  Boecker  et  al.,  eds,),  LMF  130,  1991.)  Briefly,  at  the  highest  doses,  animals 
died  within  months  to  3  yr  with  pulmonary  injury,  those  living  longer  (rats  >  1  year,  dogs  >2  years)  developed 
a  high  incidence  of  lung  tumors.  Table  34  gives  the  total  number  of  lung  tumors  seen,  the  relative  distribution 
of  tumor  types  for  each  species  and  the  types  of  radiation.  The  predominant  tumor  types  were,  for  rats, 
adenocarcinomas  and  squamous  cell  ■'arcinomas  and,  for  dogs,  adenocarcinomas  and  hemangiosarcomas.  The 
hemangiosarcomas  and  other  sarcomas  are  unusual  tumors  and  occurred  at  higher  doses.  The  dose-response  analyses 
are  based  on  the  carcinoma  incidences. 
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Lifetime  risks  of  lung  carcinomas  were  calculated  hy  integrating,  over  the  lifetime,  the  sum  of  the  estimated 
lung  carcinoma  incidence  rate  at  1  Gy  from  the  proportional  hazard  rate  model  and  the  mortality  rate  for  competing 
causes  of  death  in  the  control  animals.  The  dose  of  I  Gy  was  used  because  it  did  not  cause  an  increase  in  competing 
causes  of  death.  The  lifetime  risks  of  lung  carcinomas  per  10'*  Gy  for  beta-emitting  radionuclides  were  60  for 
rats  and  65  for  dogs.  For  ^®F*uOi  the  lifetime  risk  was  1520  for  rats  and  2300  for  dogs.  The  ratio  of  ^^''PuOj 
risk  to  beta-emitter  risk  was  25  for  rats  and  36  for  dogs.  Although  these  ratios  are  higher  than  ihe  presently 
accepted  quality  factor  of  20  for  alpha  and  x-irradiation,  the  uncertainties  in  this  analysis  would  not  exclude  a 
value  of  20.  On  the  other  hand,  the  results  may  indicate  that  the  quality  factor  of  20  is  too  low  for  cor-.parir;; 
radiation-induced  lung  carcinoma  incidence  of  alpha  irradiation  with  that  of  beta  irradiation. 


7.  Comparison  of  Bone  Lesions  IndiiceJ  by  Inhaled  ^^SrCli  o:  '■’’’PuOt 

F.  F.  Hahn,  N.  A.  Cillelt*,  B.  B.  Boccker,  R.  A.  Guilmet'.e.  and  B.  A.  Muggcnhurg 

Radionuclides  inhaled  in  a  soluble  lorm  translocate  from  the  lung  to  other  organs  of  the  Ixxjy.  A  frequent 
site  of  deposition  and  retention  is  the  skeleton.  If  the  dose  delivered  to  the  skeleton  is  high  enough,  bone  tumors 
may  result.  Both  ^SrCl,  and  -^*PuO,  are  radionuclides  that  have  mduced  hone  neoplasms  in  Beagle  dogs  after 
inhalation  exposure.  In  this  paper,  we  compare  and  contrast  the  bone  tumors  induced  by  these  two  radionuclides. 
The  tumors  have  emissions  with  widely  different  energy  and  linear  energy  transfer  characteri.stics. 

Results  were  compared  from  two  large  drse-responsc  studies  involving  dogs  that  inhaled  radionuclides. 
Details  of  experimental  design,  exposure  methods,  husbandry  and  results  of  the  specific  experiments  have  beer 
reported  (Gillett,  N.  A.  ft  al.  J.  Sail.  Cancer  Inst.  79:  357,  1987;  Hahn  F.  F.  ft  ul.  J.  Natl.  Cancer  Inst. 
67:  917,  1981). 


Because  of  the  differences  in  the  solubility  of  the  two  radionuclides,  different  patterns  of  dose  rate  to 
the  skeleton  occurred  in  the  two  life-span  studies.  Tlie  ^^SrCI,  transliKated  rapidly  to  the  skeleton,  and  little 
was  retained  in  other  organs.  In  the  skeleton,  the  ‘‘^Sr  was  retained  with  a  half-time  of  over  5  years.  Inhaled 
'^’’PuO.,  was  retained  in  the  lung  for  a  prolonged  time  with  a  half-time  of  greater  than  100  days.  The  retention 
pattern  was  complex  because  of  an  increased  rate  of  clearance  from  the  lung  beginning  at  about  100  days  after 
exposure  due  to  breakup  and  increa.sed  solubility  of  the  particles.  The  increa.sed  solubility  led,  in  turn,  to  increa.sed 
translocation  to  the  liver  and  skeleton.  The  -^'’Pu  was  retained  in  the  skeleton  with  a  half-time  of  over  5  years. 

The  total  numbers  of  primary  bone  cancers  observed  in  the  two  life-span  studies  are  shown  in  Table  35. 
These  tabulations  include  multiple,  primary  bone  tumors  occurring  in  a  single  dog. 

Table  35 


Prirrury  Bone  Tumcn  in  Beagle  Dogj  Exposed  by  Inhalation  to  ^^SrCIi  or 


Nu.nber  of 

Total  Skeletal  Dose  (Cy) 

Survival  of  Dogs 
with  Bone  Tumors. 

Radionuclide 

Aerorol 

Number 
of  Dogs 
Exposed 

Dogs  with 
Primary 

Bone  Tumors 

Number  of 
Primary 
Bone  Tumors 

All  Exposed 
Dogs  .Median 
(range) 

Dogs  with 
Tumors  Median 
(range) 

Days  to  Death 
A5er  Exposure  - 
Median  (range) 

5°SrCl2 

66 

30 

42 

60  f4-2:0) 

120  (28-220) 

1744  (739-3472) 

23®Pu02 

168 

92 

122 

2.0  (0.1-13) 

2.6  (0.3-9  8) 

1938  (1125-4813) 

The  tumor  phenotype.s  are  showu  in  Table  36.  The  cla.ssification  scheme  follows  that  of  R.  R.  Pool  (In 
Tumors  of Domejtic  Animals, \j .  of  Ci\.  Press,  p.  151,  1990.)  Of  the  ^Sr-induced  tumors,  62  ?c  were  osteosarcomas. 
Of  these  osteosarcomas,  37  were  osteoblastic,  but  relatively  nonproductive,  indicating  greater  anaplasia. 

In  contrast,  97i?  of  the  ^^Pu-induced  tumors  were  osteosarcomas.  Two-third.s  of  these  osteosarcomas 
were  osteoblastic,  and  most  were  productive,  indicating  greater  differentiation.  Another  point  of  contrast  was 
the  relatively  high  percentage  of  hemangiosarcomas  (29 'S)  and  telangiectatic  osteosarcomas  (12^)  induced  by  ^*^Sr. 
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Phenotypes  of  Bone  Cancers  in  Beagle  Dogs 
That  Inhaled  ^®SrCl2  or  ^^®Pu02 
(%  of  Total) 


Tumor  Phenotypes 

^°SrCl2 

238pu02 

Osteosarcomas 

Osteoblastic 

23 

63 

Fibroblastic 

2.4 

8.2 

Chondroblastic 

4.8 

11 

Combined 

17 

4.9 

Telergiectatic 

12 

4.1 

Giant  Cell 

2.4 

0.8 

Poorly  Differentiated 

0 

5.7 

(TOTAL) 

(62) 

(98) 

Fibrosarcoma 

7.1 

1.6 

Chondrosarcoma 

0 

0.8 

Hemangiosarcoma 

29 

0 

Myxosarcoma 

2.4 

0 

(TOTAL) 

(38) 

(2) 

The  distribution  of  skeletal  Iwation  ot  the  primary  bone  tumors  is  shown  in  Table  37.  In  dogs  that  inhaled 
^SrCI,,  a  majority  of  the  tumors  occurred  in  the  bones  of  the  skull  and  pelvis,  and  in  the  ribs  and  scapula.  With 
inhaled  a  majority  of  the  tumors  occurred  in  the  lumbar  vertebra,  pelvis,  and  head  of  the  humepjs.  This 

distiibution  of  tumors  is  similar  to  that  shown  in  studies  of  these  radionuclides  administered  by  other  routes,  .such 
as  injection,  that  give  similar  radiation  dose  patterns  to  the  bone  (Gillett,  N.  A.  et  al.  Inr.  J.  Radint.  Res.  61(6): 
821,  1992;  Miller,  S.  C,  et  al.  In  Life-span  Radiation  Effeas  Sttulie.s  in  .Animals,  OSTl,  U5DOE,  p.  286,  1986). 

Radiation  osteodystrophy  was  frequently  present  in  the  dogs  e,\ posed  to  "^^^Pu,  hut  seldom  in  those  exposed 
to  ^*^Sr.  In  the  “■^'''Pu-exposed  dogs,  radiation  osteodystrophy  was  characterized  by  osteitis  fibrosa,  osteosclerosis 
and,  rarely,  osteoporosis.  Of  the  92  dogs  with  bone  tumors,  radiation  osteodystrophy  was  detected  in  67  (73%). 
The  vertebra  and  humerus  were  the  bones  most  frequently  involved,  but  the  rib  and  femur  were  involved  in  some 
cases. 

Radiation  osteodystrophy  in  the  '^'^Sr-exposed  dogs  was  characterized  by  bone  infarction,  microinfarction 
cavities,  peritrabecular  fibrosis,  and  new  bone  formation.  These  lesions  were  minimal  and  were  observed  primarily 
in  rib  sections  or  dogs  dying  prior  to  1300  days  after  exposure.  Of  the  dogs  dying  from  primarv  bone  tumors, 
seven  (23%)  had  minimal  lesions  of  radiation  osteodystrophy  in  non-neoplastic  bone  adjaceni  to  the  tumors.  Thus, 
radiation  osteodystrophy  is  probably  not  a  nec,-*s.sary  antecedent  of  b<ine  neoplasia  induced  by  either  -^*^Pu  or  '^'^Sr, 
but  may  frequently  accompany  the  process. 


Table  37 


Distiibutioa  of  Skeletal  Location  of  Primary  Bone  Tumors 
in  Beagle  Dogs  Exposed  to  ^®SrCl2  or  ^^®Pu02 
(%  of  Total) 


Skeletal  Location 

^SrCl2 

238pu02 

Axial 

Skull 

26 

3.3 

Vertebra,  Cervical 

4.8 

6.4 

Vertebra,  Thoracic 

2.4 

18 

Vertebra,  Lumbar 

2.4 

15 

Pelvis  (including  sacral  vertebrae) 

14 

13 

Rib 

19 

3.3 

Sternum 

0 

3.3 

(TOTAL) 

(69) 

(62) 

Appendicular 

Scapula 

12 

5.6 

Humerus 

7.1 

25 

Femur 

4.8 

5.6 

Tibia 

7.1 

1.6 

(TOTAL) 

(31) 

(38) 

The  results  of  these  two  studies  show  that  the  alpha-emitting  radionuclide.  ■■'’'Pu.  induced  primary  Kme 
cancers  that  were  97  %  osteosarcomas,  primarily  of  the  vertebra,  pelvis  and  humerus.  The  beta-emitting  radionuclide, 
^'^Sr,  induced  fxrne  cancers  that  were  osteosarcomas,  but  included  a  significant  number  of  he-maneiosarcomas  (79'''r ). 
The  tumors  were  pnmanly  of  the  skull,  nb,  pelvis,  and  scapula.  Radiation  ostesxJystrophy  was  a  frequcnl  findine 
with  ■^^’Pu  exposure,  but  rare  with  '^''Sr  exposure.  In  neither  case,  however,  did  radiatii'n  osteodystrophy  appe'ar 
necessary  for  the  neoplastic  priKcss, 

The  differences  in  distribution  of  Kme  tumors  induced  by  -’"PjO,  or  '^'’SrC!-.  probably  relate  to  the  km'wn 
differences  in  distribution  of  the  radionuclides  m  the  skeleton  and  the  dose  delivered  to  critical  cells.  For  example, 
the  occurrence  of -■’'*Pu-induced  skeletal  malignancies  has  K-en  correlated  with  certain  tissue  characteristics  (Miller, 
S.  C.  el  (tl. ,  1 9.86).  Those  bones  xvuh  increased  tissue  metabolism,  as  indicated  by  osteogenic  cell  numbers,  increase 
the  it. dial  uptake  of  plutonium  and  the  expression  of  skeletal  cancers. 
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8.  Effects  of  Age  and  Antigen  Exposure  Upon  In  Vitro  Production  of  Tumor  Necrosis  Factor  in 
the  Doif 

D.  R.  Davila*,  S.  E.  Jones*,  D.  E.  Bice,  and  P.  J.  Haley 

Respiratory  infections  are  a  primary  cause  of  morbidity  and  mortality  in  the  elderly  (Ishii,  T.  et  al.  Age 
Ageing  9:  81,  1980)  and  may  occur  because  of  diminished  local  immune  responses  in  the  lung.  The  strength 
of  the  immune  response  to  antigen  in  the  lung  depends  upon  the  intensity  of  local  inflammation  (Kaltreider,  H. 
B.  Am.  Rev.  Respir.  Dis.  113:  347,  1976).  In  aged  dogs,  antigen-induced  inflammation  in  the  lung  is  weaker 
than  ir  younger  dogs  (Bice,  D.  E.  and  B.  A.  Muggenburg.  Am.  Rev.  Respir.  Dis.  132:  661,  1985).  For  this 
reason,  we  investigated  the  effects  of  age  and  antigen  exposure  upon  a  cell  that  plays  a  central  role  in  the  pulmonary 
inflammatory  response,  namely,  tne  pulmonary  alveolar  macrophage  (FAM).  We  examined  the  ability  of  PAM 
to  secrete  tumor  necrosis  factor-a  (TNF-a),  a  pleiotropic  mediator  of  both  the  inflammatory  and  immune  responses. 
The  ability  of  nonactivated  macrophages  to  respond  to  TNF-inducing  stimuli  in  vitro  is  altered  with  age  in  some 
animal  models  (Davila,  D.  R.  et  al.  FASEB  J.  4:  2906,  1990),  We  speculated  that  a  change  in  the  ability  of 
PAM  to  secrete  TNF-a  with  age  might  also  accompany  the  diminished  inflammatory  and  immune  responses  to 
antigen  in  the  lung. 

We  immunized  11  aged  (12-17  years-old)  and  12  young  (2-3  years-old)  dogs  with  sheep  erythrocytes 
(SRBC)  in  the  left  cardiac  lung  lobe,  with  keyhole  limpet  hemocyanin  (KLH)  in  the  right  cardiac  lobe,  and  with 
saline  in  the  right  intermediate  lobe  (prim.ary  in.stillation).  We  used  KLH  and  SRBC  so  that  the  effects  of  both 
soluble  (KLH)  and  particulate  (SRBC)  antigen  on  immune  responses  could  be  compared.  After  9  days,  we  lavaged 
the  lung  lobes  of  5  aged  and  6  young  dogs  and  sacrificed  the  animals  for  tissue  collection.  Twenty-one  days 
after  primary  antigen  instillation,  we  again  instilled  antigen  or  saline  into  the  same  lung  lobes  of  the  remaining 
6  aged  and  6  young  dogs  (secondary  instillation);  these  dogs  were  lavaged  and  sacrificed  7  days  later.  We  isolated 
peripheral  blood  monocytes,  splenic  macrophages,  and  PAM  from  each  lung  lobe  and  tested  the  ability  of  these 
cells  to  secrete  TNF-a  in  vitro  in  response  to  lipopolysaccharide  (LPS)  as  described  (Lorence,  R.  M.  «  al.  J. 
Natl.  Cancerlnst.  80:  1305,  1988).  WecorrelatedamountsofcanineTNF-atoastandardcurveofhuman recombinant 
TNF-a,  and  reported  results  as  units  of  TNF-a  per  million  macrophages.  The  Student's  t  test  was  used  to  compare 
aged  and  young  values  at  either  the  primary  or  the  secondary  timepoints. 

Figure  41  shows  the  units  of  TNF-a  produced  by  PAM  from  aged  and  young  dogs  at  the  primary  and 
secondary  timepoints.  Each  panel  depicts  TNF-a  secretion  by  PAM  from  a  different  lung  lobe;  saline-instilled, 
KLH-instilled,  or  SRBC-instilled.  At  the  primary  limepoint,  in.stillation  of  either  KLH  or  SRBC  into  lung  lobes 
resulted  in  an  overall  lowering  of  in  vitro  TNF-a  .secretion  by  PA.M  from  these  lobes,  when  compared  to  the 
saline-instilled  lobes.  In  other  words,  PAM  from  antigen-in.stilled  lung  lobes  became  tolerant  to  LPS-induced 
TNF-a  secretion.  However,  PAM  from  aged  dogs  were  markedly  less  tolerant  than  were  PAM  from  young  dogs 
at  the  primary  timepoint,  as  indicated  by  the  significantly  greater  (p  <  0.05)  secretion  of  TNF-a  by  aged  than 
by  young  dog  PAM.  By  the  secondary  timepoint,  PAM  fnim  KLH-  or  SRBC-instilled  lobes  secreted  similar 
amounts  of  TNF-a  in  aged  and  young  dogs.  In  addition,  PA,M  from  saline-instilled  lobes  also  became  somewhat 
hyporesponsive  to  LPS  stimulation  in  vitro  after  .secondary  antigen  exposure. 


The  secretion  of  TNF-a  by  peripheral  blood  monocytes  and  splenic  macrophages  is  pre.sented  in  Figure  2. 
This  figure  shows  that  while  TNF-a  secretion  by  .splenic  macrophages  remained  relatively  constant  with  age  and 
antigen  exposure,  peripheral  blood  momxyte  production  of  TNF-a  fluctuated  according  to  the  exposure  timepoint, 
in  both  aged  and  young  dogs.  We  have  found  in  our  laboratory  that  normal  baseline  secretion  of  TNF-a  by 
peripheral  blood  monocytes  from  young  dogs  is  approximately  126  units  per  million  monocytes 
(n  =  11).  Data  in  Figure  42  show  that  the  secretion  of  TNF-a  by  monocytes  from  young  dogs  did  not  change 
from  this  baseline  value  at  the  primary  timepoint,  but  inerea.sed  after  secondary  antigen  expsisure. 

Our  data  showed  that  LPS-induced  secretion  of  TNF-a  by  monocytes  or  macrophages  in  vitro  depends 
upon  the  age  of  the  donor  animal,  tissue  of  origin,  and  primary  or  secondary  antigen  exposure.  Primary  antigen 
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Figure41.  Secretion  of  TNF-a  by  PAM  from  •-iiline-.  KLH-,  or  SRBC-inNtilleJ  lung  lobes  of  ageJ  and  young  dogs 
was  measured  after  primary  and  secondary  antigen  exposure.  Mean  units  ( ±  SE.M)  of  TNF-tr  per  million 
P.AM  are  shown  for  each  group.  PAM  from  aged  dogs  produced  significantly  more  TNF  a  (p  <  0.05) 
than  young  dogs  after  primary  instillation  of  both  KLH  and  SRBC  (*).  There  were  no  significant 
differences  (p  >  0.10)  between  aged  and  young  dogs  at  the  primary  timepoint  in  .saline-instilled  lobes,  or 
at  the  challenge  timepoints  in  saline,  KLH,  or  SRBC-in.stilled  lobes. 


Fiizure  42.  .Secretion  of  TNF-U  by  peripheral  hicsod  monce.yr.es  and  splenic  macrophages  from  aged  and  soung  dogs 
wa.s  measured  after  prini.iry  .md  stsond.iry  anlicen  exfv>:ure.  Values  represent  rrhsin  units  (  •  SFM)  ot 
TNF-o  per  million  macrophages.  There  were  no  significant  diiferences  (p  >  0.10)  K'tsseen  agetl  and 
young  dogs  at  the  primary  limepoint.  or  at  the  seconilary  timepoint.  in  either  tissue. 


instillation  caused  a  more  pronounced  refractory  state  in  PAM  from  young  than  from  aged  dogs.  This  indicated 
that  PAM  from  aged  dogs  could  not  respond  to,  or  did  not  receive,  in  vivo  signals  that  induced  a  tolerant  state. 
Work  conducted  in  these  same  animals  showed  that  primary  antibody  respon,ses  to  both  KLH  and  SRBC  were 
very  low  in  aged  dogs  after  primary  antigen  exposure,  but  increased  dramatically  at  the  secondary  timepoint  (Jones, 
S.  E.  et  al.  Mech.  Ag.  Dev.,  submitted).  After  secondary  antigen  exposure,  PAM  from  aged  dogs  also  became 
refractory.  These  results  link  tolerance  induction  in  PAM  to  the  vigor  of  the  antibody  response  and  suggest  that 
the  state  of  activation  of  PAM  plays  an  important  role  in  the  dimini.shed  immune  response  in  the  lungs  of  aging 
dogs. 
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UNIVERSITY  OF  UTAH  LIFE-SPAN 
STUDIES  IN  DOGS 


A.  SPECIFIC  PROJECT  OBJECTIVES 


In  1950,  the  U.S.  Atomic  Energy  Commission  initiated  a  series  of  long-term  radionuclide  toxicity  studies 
in  Beagles.  At  that  time,  the  use  of  ^^Pu  for  weapons  and  a.s  a  potential  source  of  nuclear  fuel  was  increasing, 
and  plutonium  production  was  a  rapidly  expanding  industry.  Because  of  the  known  toxicity  of  radium  in  humans, 
the  potential  toxicity  of  plutonium  was  recognized.  The  original  studies  at  the  University  of  Utah  were  designed 
to  determine  the  relative  toxicity  of  ^^Pu  and  -^^Ra.  Because  some  human  radium  toxicity  data  were  available, 
the  animal  studies  were  originally  designed  to  reflect  the  human  experience  with  ^-*Ra,  providing  a  basis  for 
extrapolating  the  long-term  toxicity  of  other  internally  deposited  radionuclides,  particularly  plutonium  from  animal 
stiidies  to  humans.  As  detailed  below,  the  life-span  effects  of  other  nuclides  were  also  included  in  this  project. 

The  Beagle  dog  was  selected  for  these  studies  because  of  concerns  that  erroneous  predictions  of  human 
health  effects  might  be  made  if  shorter-lived  mammals,  such  as  rodents,  were  used.  These  concerns  included 
the  jxjssihilities  that  the  radiation-.sensitive  cancers  would  only  be  expre,ssed  in  animals  with  longer  life.spans  and 
that  the  target  organs  might  be  different  in  rodents  than  in  humans.  Because  skeletal  tissues  were  recognized 
as  a  primary  target  organ  for  radium  and  plutonium  toxicity,  further  consideration  was  given  to  the  Beagle  because 
it  has  skeletal  characteristics  similar  to  those  of  humans  that  rodents  do  not  have. 

The  major  scientific  questions  that  have  been,  and  continue  to  be,  addressed  in  the  life-span  radionuclide 
studies  conducted  at  the  University  of  Utah  include: 

1.  What  are  the  biological  distribution  and  retention  patterns  of  these  nuclides? 

2.  What  types  of  cancers  are  produced? 

3.  What  are  the  dose-effect  relationships? 

4.  Can  differences  in  retention  and  distribution  be  used  to  predict  biological  response? 

5.  Does  age  at  exposure  influence  biological  respon.se? 

6.  What  biological  factors  are  important  in  biological  ti.s.sues  for  the  expression  of  radiation  effects? 

7.  What  are  the  target  cells  for  cancer  induction? 

8.  What  are  the  cellular  and  molecular  mechanisms  of  cancer  induction  by  internally  deposited 
radionuclides  in  different  organs? 

9.  Can  reliable  models  be  developed  for  predicting  risk  to  humans? 

B.  EXPERIMENTAL  APPROACHES 

1.  General  Procedures 

Two  general  types  of  studies  have  been  conducted  in  dogs:  life-span  studies  and  sacrifice  studies.  In 
life-span  studies,  the  toxicity  of  selected  radionuclides  is  being  studied,  and  the  dogs  are  allowed  to  live  out  their 
life  spans,  unless  .sacnfice  is  indicated  for  humane  reasons,  such  as  to  prevent  pain.  In  .sacrifice  or  test  studies, 
dogs  were  injected  with  radionuclides  to  study  the  mechanisms  of  deposition,  retention,  and  specific  radionuclide- 
tissue  interactions. 

Most  of  the  dogs  in  the  toxicity  studies  received  a  sincle  intravenous  injection  of  radionuclide,  usually 
in  citrate  .solution,  at  16  to  IS-mo  old,  when  their  skeletal  maturity  corresponded  to  that  of  an  IS-yr  old  radium 
dial  painter  or  plutonium  worker.  In  addition,  .some  does  were  injected  with  -^^Pu  or  --^Ra  at  .Vino  old  (to 
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represent  children)  or  5-yr  old  (to  represent  middle-aged  persons).  The  dogs  were  confined  in  metabolism  cages 
1  wk  before  injection  and  3  wk  after  injection  (for  excreta  collection).  Exceptions  were  the  dogs  receiving  one 
or  a  series  of  10  or  50  injections  of  starting  at  21-mo  old.  These  dogs  were  not  confined  after  injection 
because  the  period  of  injections  extended  to  about  1  yr.  In  addition,  confinement  could  have  interfered  with  important 
biological  functions. 

Each  dog  in  a  toxicity  study  has  been  followed  clinically  from  the  time  of  injection  to  death.  At  death, 
each  dog  receives  a  complete  gross  necropsy  examination,  including  radiographs  of  defleshed  bones  to  identify 
possible  tumor  sites  that  are  then  examined  histologically.  Histopathological  examinations  are  performed  on  both 
the  radiation-induced  and  naturally  occurring  lesions.  These  results  are  then  analyzed  with  regard  to  the  average 
and  local  radiation  doses  received  by  the  affected  tissues.  Various  dose-response  relationships  are  tested  for  their 
appropriateness  and  usefulness  in  predicting  the  human  health  risks  for  such  an  exposure. 

Because  of  the  maturity  of  a  number  of  these  studies,  current  emphasis  at  the  University  of  Utah  is  directed 
to  activities  necessary  to  complete  the  studies  and  publish  the  results.  The  radiochemical,  metabolic  and  dosimetric 
data  for  both  completed  and  continuing  toxicity  studies  are  being  collected,  collated,  and  archived.  The  distribution 
and  local  dosimetry  of  the  radionuclides  are  being  studied  by  using  materials  collected  from  both  the  toxicity  and 
test  animals.  Average  retention,  dose,  and  dose-rate  functions  for  liver  and  skeleton  are  being  calculated  and 
studied  as  functions  of  age  at  exposure,  expiosure  level,  and  time  after  exposure.  The  occurrence,  type,  location, 
and  latent  period  of  radiation-induced  cancers  will  be  studied  both  as  functions  of  local  or  average  dose  and  of 
dose  rate.  Dose-response  curves  are  being  constructed  to  extrapolate  the  health  effects  seen  in  these  dogs  to  human 
health  risks. 

A  critical  aspect  of  this  research  is  the  preparation  of  a  complete  biological  record  for  each  dog  and  assembly 
of  the  observations  into  a  clinical  smd  pathology  data  base  that  can  be  used  with  the  detailed  dosimetric  data  to 
establish  meaningful  dose-response  relationships  for  the  various  radionuclides  that  have  been  studied  in  this  program. 

The  final  products  of  these  efforts  are  publications  in  the  peer-reviewed  literature  dealing  with  the  observed 
dose-response  relationships  and  health  risk  estimates  and  with  a  wide  range  of  underlying  metabolic,  dosimetric, 
and  mechanistic  studies.  The  above  efforts  are  divided  between  scientists  at  the  University  of  Utah  and  the  ITRI. 

2-  Study-Specific  Features 

This  research  effort  addresses  the  completion  of  14  major  life-span  studies  of  dogs  given  single  or  multiple 
intravenous  injections  of  different  alpha  or  beta-emitting  radionuclides.  The  studies  included  and  the  time  intervals 
during  which  dogs  were  entered  on  study  are  described  below: 

a.  ^’Pu  (Injected  from  1952-1974) 

Initially,  the  injected  dosages  ranged  from  0.59  kBq/kg  (0.016  fiCi/kg)  (termed  ’1-level”)  from  which 
no  harm  was  predicted,  up  by  a  sequence  of  levels  to  106  kBq/kg  (2.86  /rCi/kg)  (termed  '5-Ievel")  from  which 
severe  injury  occurred,  including  hematological  damage,  liver  degeneration  and  neopla.sia,  and  bone  fractures  and 
sarcomas.  However,  in  1964,  when  an  osteosarcoma  occurred  at  the  suppo.sedly  safe,  1-level,  several  lower  levels 
were  introduced.  The  lowest  level,  0.022  kBq/kg  (0.0006  ^Ci/kg)  (the  0. 1-level),  resulted  in  an  average  skeletal 
dose  of  about  0.02  Gy  (2  rads)  at  death.  Among  the  28  dogs  treated  at  the  0.1  level,  one  developed  a  bone 
sarcoma  and  another  an  epidermoid  carcinoma  of  the  frontal  sinus;  both  cancers  may  have  been  induced  by  the 
^^®Pu.  The  selective  deposition  of -^^Pu  on  bone  surfaces  makes  this  radionuclide  the  most  effective  of  any  studied 
at  the  Radiobiology  Division  for  inducing  hone  sarcoma  at  low  doses,  per  rad  of  average  of  skeletal  dose.  ^^^Pu 
also  deposits  throughout  the  liver  and  induces  liver  cancers. 

b.  ^^*Ra  (Injected  from  1953-1970) 

^^®Ra  enabled  the  relative  toxicity  of  ^■^’^Pu  vs.  *-*Ra  to  be  establi.shed  in  Beagle  dogs,  so  that  the  known 
toxicity  in  the  U.S.  radium  dial  painters  could  be  used  to  predict  the  risk  to  humans  from  ^^^Pu-induced  bone 
sarcoma.  ^^*Ra  is  chemically  similar  to  calcium  and  deposits  throughout  the  Ktme  volume,  especially  in  regions 
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of  active  growth.  The  average  skeletal  dose  for  each  dog  wa.s  based  on  the  measured  retention  of  ^**Ra  and  progeny. 
In  Beagle  dogs,  ^^®Ra  at  higher  dosages  produced  bone  fractures.  Bone  sarcomas  were  induced  over  a  wide  range 
of  doses.  These  effects  were  also  seen  in  the  radium  dial  painters. 

c.  ^^*R3  (Injected  from  1954-1962) 

^^*Ra  was  included  in  th'  '>e  studies  because  it  was  received  by  many  of  the  radium  dial  painters.  In 
terms  of  average  skeletal  dose,  ^“*Ra  was  about  twice  as  effective  as -^*Ra  for  inducing  bone  sarcoma.  The  difference 
may  be  largely  due  to  the  fact  that  some  ^-*Ra  progeny  are  likely  to'  redeposit  on  bone  surfaces.  An  important 
spinoff  from  the  study  of  ^^*Ra  in  dogs  was  the  discovery  that  the  physical  half-life  of  ^*’'Ra  is  5.77  ±  0.02  yr, 
not  6.7  yr,  as  was  earlier  reported  by  Lise  Meitner.  Correcting  for  the  proper  half-period  increased  the  calculated 
dose  from  ^^*Ra  in  the  dial  painters  by  about  a  factor  of  two  over  earlier  estimates. 

d.  ^*Th  (Injected  from  1954-1963) 

22®Ra  decays  to  ^-*Th,  and  there  was  early  concern  that  the  intestinal  absorption  of  the  ^^*Th  in  dial 
painters  might  be  high.  Later,  it  was  found  that  absorption  of  ^^*Th  from  the  human  GI  tract  was  low,  about 
0.02%  compared  to  20%  for  radium.  However,  the  ^-’^Th  toxicity  data  from  Beagle  dogs  proved  very  useful 
for  evaluating  the  risk  from  radionuclides  in  the  proposed  Thorium  Breeder  Reactor. 

e.  ®®Sr  (Injected  from  1955-1966) 

^*^Sr  toxicity  was  evaluated  because  of  worldwide  concern  about  radioactive  fallout  from  atmospheric  r  ic'ear 
weapons  testing.  Few  effects  were  observed  at  average  skeletal  doses  below  50  Gy  (5000  rads),  but  bone  sarcomas 
occurred  frequently  at  higher  doses.  Most  interesting  was  the  relative  ineffectivene.ss  of  ^Sr  in  producing  leukemia 
in  adult  Beagle  dogs.  This  observation  agrees  with  the  low  frequency  of  myeloproliferative  syndrome  (MPS) 
observed  in  Beagle  dogs  at  the  University  of  California,  Davis,  that  were  injected  with  ®®Sr  as  adults.  However, 
a  high  incidence  of  MPS  was  ob.seived  in  the  Davis  Beagle  dogs  exposed  to  a  high  dosage  of  ®®Sr  adminis'nred 
by  feeding  from  fetal  age  to  adulthood. 

f.  ^'^’Am  (Injected  from  1966-1975) 

Am  was  the  first  tran.splutonium  radionuclide  to  be  evaluated  for  toxicity  in  Beagle  dogs  at  the  University 
of  Utah.  Because  of  strong  interest  in  ^'^'Am,  especially  by  Charles  Dunham,  Head  of  the  AEC's  Division  of 
Biology  and  Medicine,  the  original  test  study  was  expanded  into  a  full-scale  toxicity  study,  with  about  12  dogs 
per  dosage  level.  Control  dogs  concurrently  as.signed  to  the  low-level  studies  of  ^^’Pu  and  ^^*Ra  were  considered 
suitable  as  controls  for  the  Am  studies.  In  1975,  the  number  of  Beagle  dogs  at  the  I  -  and  1 .7-levels  was  increa.sed 
to  26  and  24  dogs,  respectively,  to  study  the  induction  of  liver  c.ancer  by  alpha-emitters  more  extensively.  The 
liver  retains  more  Am  than  any  other  monomeric  radionuclide  studied  in  Beagle  dogs  at  the  University  of  Utah. 

g.  "■'^Cf  (Injected  from  1971-1974) 

^■^^Cf,  which  emits  alpha-particles  in  100%  of  its  decays,  was  the  next  transplutonium  radionuclide  to 
he  investigated.  Fortuitously,  tracer  amounts  of  beta-emitting  ’‘‘‘^Bk  were  present  with  the  alpha-emitting  ^‘*'^Cf, 
making  it  possible  to  establish  that  the  microscopic  depositions  of  Bk  and  Cf  were  similar. 

h.  ^-^Cf  (Injected  from  1971-1973) 

^^^Cf  releases  half  of  its  decay  energy  in  alpha-particles  and  half  in  extremely  densely  ionizing  fission 
fragments.  The  ^^^Cf  and  *'‘‘^Cf  studies  were  run  simultaneously  in  Beagle  dogs  and  in  mice.  In  the  mouse  studies, 
the  fission  fragments  of  these  radionuclides  were  much  les.s  effective  than  alpha  particles  per  Gy  of  average  .skeletal 
dose  for  inducing  bone  sarcoma.  It  is  already  obvious  that  the  fission  fragment  dose  is  much  les.s  effective  than 
the  alpha-particle  dose  for  inducing  bone  sarcoma  in  Beagle  dog-s.  This  informution  is  significant  to  the  astronaut 
who  may  receive  appieciaWle  radiation  dose  to  Nine  from  extremely  den.sc-ly  ionizing  cosmic  rays. 
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i.  (Injected  from  1973-1974) 


Einsteinium  (element  99)  was  the  highest  element  on  the  periodic  chart  to  be  investigated  for  radionuclide 
toxicity  in  Beagle  dogs.  Einsteinium  appeared  to  resemble  Cf  most  clo.'ely  in  its  excretion,  retention  and  tissue 
distribution.  No  bone  sarcomas  occurred  among  the  five  toxicity-study  Beagle  dogs  injected  with  ^^Es,  excluding 
the  one  dog  that  subsequently  received  a  large  dose  of  ^‘*'^Cf.  This  suggests  that  ^^^Es,  which  delivers  its  dose 
with  a  20-day  half-life,  is  not  appreciably  more  toxic  than  the  other  tran.sp!utonium  elements  studied. 

j.  (Injected  from  1977-1979) 

Toxicity  studies  with  ^^"^Ra  (T,^  =  3.62  days)  were  undertaken  to  understand  the  modifying  effect  of 
protraction  on  the  dose-response  of  ^-'^Ra  observed  in  Germm  ankylosing  spondylitis  patients.  Four  graded-dose 
levels  were  administered  over  three  injection  spans.  Group.-;  1-2  received  their  ^^‘*Ra  in  50  weekly  fractions  to 
correspond  to  the  average  injection  span  in  German  children;  Groups  41-52  received  a  single  injection,  and  Groups 
81-92  received  10  weekly  injections  to  correspond  to  the  more  recent  treatment  used  in  Germany  for  ankylosing 
spondylitis.  Most  of  the  ^^■*Ra  given  the  Beagle  dogs  was  prepared  by  Amersham-Buchler  in  Germany,  which 
also  prepared  the  ^^“’Ra  for  the  German  ankylosing  spondylitis  patients.  The  studies  of  --^Ra  in  Beagle  dogs 
are  among  the  most  important  with  respect  to  understanding  the  mechanisms  of  alpha-particle-induced  cancer.  The 
short  half-life  of  ^-^Ra  causes  some  of  it  to  decay  on  bone  surfaces  and  some  to  decay  within  the  bone  volume, 
giving  a  local  distribution  of  dose  in  bone  somewhat  similar  to  that  from  ^^Pu.  In  the  Beagle  dogs  receiving 
2.8  Gy  (280  rad)  from  ^^“^Ra  injections  protracted  over  50  wk,  the  bone  sarcoma  appearance  times  and  incidences 
were  similar  to  those  observed  from  the  same  skeletal  dose  from  -^^Pu.  It  remains  to  be  seen,  however,  what 
the  effectiveness  of  -^^Ra  will  be  at  lower  doses  and  shorter  protraction  times.  The  ^^‘*Ra  study,  being  the  mo.st 
recent,  !'.as  the  largest  number  of  living  dogs. 

k.  Toxicity  Studies  in  Immature  a.nd  Aged  Beagle  Dogs 

Because  of  concern  about  the  effects  of  radionuclides  on  members  of  the  general  public  with  widely  different 
ages,  the  studies  in  Beagle  dogs  were  expanded  to  include  administration  at  3-months  old  (to  represent  children) 
and  5-years  old  (to  represent  middle-aged  adults).  ^^Pu  was  selected  as  the  bone-surface-seeking  radionuclide 
of  greatest  concern,  while  ^^®Ra  was  chosen  to  represent  the  bone-volume  seeking  radionuclides.  Much  attention 
has  been  given  to  the  effect  of  changing  distribution  of  radioactivity  with  age  in  these  dogs  and  to  the  associated 
biological  effects. 

C.  CURRENT  STATUS  OF  THE  UTAH  STUDIES 

I.  General  Overview 

The  current  status  of  the  14  life-span  radionuclide  toxicity  studies  initiated  at  the  University  of  Utah  is 
given  in  Table  38.  On  September  15,  1987,  all  living  dogs  in  the.se  studies,  157,  were  moved  to  the  ITRI  colony 
for  continuation  of  their  care  and  biomedical  evaluation  for  the  remainder  of  their  lives.  Betw'een  September  15 
1987  and  September  30,  1990,  96  of  these  transferred  dogs  died.  During  the  past  fiscal  year,  an  additional  26 
dogs  died,  resulting  in  a  population  of  39  living  dogs  on  September  30,  1991.  These  deaths  reflect  the  maturity 
of  these  studies  and  the  dogs  in  them  at  the  time  of  transfer.  The  39  living  dogs  are  about  3  %  of  the  total  population 
of  dogs  entered  into  these  studies.  These  living  dogs  are  part  of  the  populations  in  three  studies,  the  --‘^Ra  study 
in  young  adult  dogs  and  the  studies  of  "*Ra  or  2J9pu 

in  immature  dogs. 

The  research  currently  devoted  to  the  Utah  efforts  fall  into  three  main  areas:  1)  continuation  of  the  care 
and  study  of  dogs  still  alive  in  tht  >e  .six  studies,  2)  detailed  dosimetric  studies,  at  the  organ  and  local  levels,  of 
these  injected  radionuclides  and  the  factors  that  influence  these  dose  patterns  and  3)  completion  of  final  reviews 
of  biological  materials  and  data,  compilations  and  analysisof  daia.  and  preparation  of  final  study  reports  for  publication 
in  the  open,  scientific  literature.  Section  IV. C.  provides  a  li.sting  of  previous  document  reports  on  these  studies, 
summaries  of  current  research  highlights  and  a  discussion  of  current,  and  future  wrapup  activities  for  these  studies. 
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Table  38 

Current  Slatua  of  Life-Span  Radionuclide  Toxicology  Studiea  in  Beajle  Dogt  Initiated  at  tLe 
Uaiivertity  of  Utah  and  Being  Continued  at  the  lohalaticM  Toxicology  Reaearch  Inatituie 

(9/30/91) 


Age  *t 
Inject!  oa 

Radioouclide 

Injected 

Injection 

Year 

Doga 

Entered 
in  Study 

Doga 

Tranafemd 

9/15/87 

Number 

Alive 

9/30/90 

Fr-1991 

Deaths 

,ijive 

9/30/51 

16-18  mo 

239pu 

1952-1974 

286 

11 

1 

1 

0 

(young  adult) 

226Ra 

1953-1970 

164 

0 

0 

C 

rt 

228iu 

1954-1962 

89 

0 

0 

0 

0 

228Tb 

1954-1963 

94 

0 

0 

0 

0 

90sr 

1955-1966 

96 

0 

0 

0 

0 

24lAm 

1966-1975 

117 

8 

0 

0 

0 

249cf 

1971-1974 

36 

5 

0 

0 

0 

252cf 

1971-1973 

36 

3 

0 

0 

0 

253es 

1973-1974 

6 

0 

0 

0 

0 

224r, 

1977-1979 

128 

78 

36 

14 

22 

3  mo. 

239pu 

1972-1978 

75 

24 

13 

4 

9 

(immature) 

226Ra 

1975-1978 

54 

24 

11 

3 

8 

Syr. 

239pu 

1975-1978 

34 

3 

0 

0 

0 

(aged) 

226j^ 

1975-1980 

34 

1 

0 

0 

0 

Total 

1249 

157 

61 

22 

39 

D.  COMPLETION  ACTIVITIES  FOR  THE  UTAH  STUDIES 

Because  of  the  joint  ITRI/Utah  involvement  in  the  completion  of  Utah  studies,  lead  roles  have  been  assigned 
for  the  various  studies  as  shossti  in  Table  39.  In  the  studies  in  which  most  or  all  of  the  dogs  have  already  died, 
Utali  has  the  lead  role,  whereas  ITRI  will  assume  the  lead  role  for  those  studies  that  will  be  completed  later. 
Present  wrapup  emphasis  is  directed  toward  the  studies  in  which  young  adult  dogs  were  injected  with  ^"^Ra  or 
^^Pu,  The  strategy  for  the  analysis  of  each  study  includes  a  thorough  review  of  all  records  including  pathology, 
clinical,  radiographic,  dosimetric,  radiochemical,  and  metabolic.  For  each  study,  a  series  of  milestones  has  been 
established  and  specific  oversight  assignments  given  to  specific  investigators.  The  primary  goal  is  to  produce 
a  document  that  summarizes  all  data  in  the  study.  In  addition,  numerous  smaller,  more  specific  papers  are  being 
published  as  the  work  progresses. 

An  example  of  the  working  "Milestone  Schedule"  for  the  Radium  Young-Adult  study  is  showm  in  Table 
40  and  its  detailed  footnotes.  A.  sirrJIcr  schedule  has  been  develo(je/l  fi  r  the  -^^Pu  study  as  shown  in  Table  41. 
The  appended  footnotes  explain  some  of  the  analyses  being  done  for  this  wrap-up  effort.  The  same  types  of  approaches 
will  be  used  in  other  study  completion  efforts  to  follow  as  appropriate. 
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Table  39 


Currently  Planned  Division  of  Efforts  to  Complete  and  Publish  the 
Lifetime  Toxicity  Studies  in  Beagle  Dogs  from  the  University  of  Utah 


Radionuclide 

Age  Category 

Lead  Institution 

226Ra 

Young  Adult 

U.  of  Utah 

^<>Sr 

Young  Adult 

U.  of  Utah 

239p„ 

Young  Adult 

U.  of  Utah 

228Ra 

Young  Adult 

U.  of  Utah 

22Stt, 

Young  Adult 

U.  of  Utah 

24lAm 

Young  Adult 

U.  of  Utah/lTRl 

24Scf 

Young  Adult 

U.  of  Uuh/ITRI 

252cf 

Young  Adult 

U.  of  Utah/ITRl 

253es 

Young  Adult 

U.  of  Utah/ITRl 

226Ra 

Aged 

U.  of  Utah/ITRl 

239p^, 

Aged 

U.  of  Utah/ITRl 

226Ra 

Immature 

ITRI 

239p, 

Immature 

ITRI 

ITRI 


Table  40 


Milestone  Schedule  for  Completion  of 
Summary  Report  on  Young  Adult  Dog  Longevity  Study 

(September  30,  1991) 


Topic 

Sutu.s 

Historical  review 

Complete 

ExperimenUl  designs 

Complete 

Histopathology,  SNOMED  * 

Complete 

Expanded  controls  SNOMED 

Complete 

Metabolism,  retention 

General  ^ 

Complete 

Model  developed  from  new  dnU  from  individual  bones  and  plasma 

Pending 

Gross  dosimetry  * 

Complete 

Survival  analyses  ^ 

Low  doses 

Complete 

High  doses 

Pending 

Dose-response  (bone  tumor  incidence)  8 

Complete 

Hematopoietic,  lymphoid  response 

Summary  of  old  dau  ^ 

Complete 

Final  tumor  daU  ' 

Complete 

Other  soft  tissues  i 

Pending 

SkeleUl  tissues 

SkeleUl  tumor,  verification  ' 

Complete 

SkeleUl  tumor,  location  ' 

Complete 

Radiography 

Pending 

Histology,  microradiography  ' 

Pending 

Fractures 

Complete 

Tooth  loss  " 

Complete 

Local  dosimetry  ° 

Pending 

Jaw  syndrome  ” 

Complete 

Discussion  and  summary  P 

Pending 

Review  and  submission 

Pending 

*  SNOMED:  Systemized  Nomenclature  of  Medicine.  College  of  American  Pathologists.  This  is  the 
.standardized  daUba.sc  for  all  histopathology.  This  dalaha.sc  is  on  a  Digital  microV'AX  system  and  is 
transferred  to  the  National  Radiobiology  Archive. 


^  Expanded  controls:  In  addition  to  the  control  dogs  a,s.signed  to  this  study  (RO.O),  controls  from  other  studies 
have  been  included  in  many  of  the  analyses  to  increa.se  the  validity  of  companng  radiation  and  nonradiation 
effects.  These  controls  are  included  in  all  models  and  sUtistical  companvins. 
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Table  40 


^  General  metabolisni:  The  metabolism  of  radium  (and  some  other  nuclides)  is  determined  from  the  'test* 
animals  and  not  the  'chronic  toxicity*  animals.  There  were  serial  sacrifice  studies  done  for  early 
distribution,  localization,  and  dosimetric  studies. 

^  Plasma:  Results  from  a  shorter  term  metabolism  study  are  pending.  These  data  will  allow  more  precise 
determinations  of  blood  nuclide  levels  and  improvements  in  present  metabolic  models. 

*  Gross  dosimetry:  Average  skeletal  dose  calculated  for  each  dog. 

^  Survival  analyses:  Presently,  Cox  proportional  hazard  models  are  being  applied  for  survival  analyses  to  the 
different  dose  groups.  The  statistical  nvxlels  are  complicated  by  a  number  of  factois  including  the  need  to 
censor  animals  with  epilepsy,  and  use  of  control  and  treated  animals  over  3  decades  with  improved  life 
expectancy  due  to  improved  veterinary  practices.  Initial  analyses  with  low  dose  groups  have  been  published. 
Analyses  are  continuing  in  higher. dose  groups. 

^  Tunaor  incidence:  Emphasis  is  on  skeletal  tumors.  Only  those  tumors  that  were  verified  histologically  are 
included  in  these  analyses.  In  some  cases,  the  histological  diagnosis  may  be  disputed.  The  location  of  the 
tumors  is  documented  from  clinical,  necropsy  and  radiographic  records.  The  location  of  the  tumors  and  the 
apparent  type  of  tissue  or  origin  (e.g.,  cancellous  or  cortical  bone)  become  very  important  parts  of  the 
skeletal  dosimetry  studies. 

'*  Old  hematology  data:  Due  to  the  bone-seeking  nature  of  these  isotopes,  it  was  originally  believed  that  henuc 
tumors  would  be  an  important  con.se<juence  of  radionuclide  exposure.  This  was  not  observed  in  the  human 
or  the  early  animal  studies,  and  a  programmatic  decision  was  made  by  the  A.E.C.  to  end  the  detailed 
hematopoietic  studies  in  the  early  1970's.  We  are  now  attempting  to  reconstruct  the  data  that  were  collected 
to  that  dale.  Unfortunately,  there  was  little  hematological  information  obtained  after  that  date. 

‘  Final  hematological  nimor  data:  The  final  incidence  of  hemic  and  lymphoid  tumors  is  verified. 

^  Other  soft  tissues:  Although  not  historically  emphasized  in  these  studies,  all  tissues  are  being  reviewed,  and 
the  data  tabulated.  Particular  empha.sis  has  been  placed  on  the  liver,  mammary  glands,  kidney,  thyroid,  and 
eyes.  It  has  been  noted,  for  example,  that  the  dial  painters  appear  to  have  a  higher  incidence  of  mammary 
tumors  (perhaps  from  external  and  not  internal  exposures). 

**  Radiography:  Radiographic  summaries  are  prepared  on  each  dog  and  entered  into  the  clinical  record  on  the 
database.  Attempts  are  also  being  made  to  quantify  some  dose-respon.se  relation.ships  in  the  radiographs. 
This  effort  is  complicated  by  the  fact  that  there  are  substantial  changes  in  the  skeletal  tissues  that  may  be 
attributable  to  aging  seen  in  nuny,  but  not  all  dogs.  Presently  a  descriptive  .summary  is  being  prepared. 

’  Histology  and  microradiography:  A  summary  of  the  histology  (independent  of  skeletal  tumors)  and 
microradiographic  changes  is  being  prepared. 

^  Fractures;  Increased  fracture  occurrence  is  a  known  consequence  of  Ra  exjxisure.  The  incidence  and 
location  of  fractures  has  been  updated  and  summarized. 

"  Tooth  loss  and  periodontal  ti.ssue  changes  are  also  known  to  occur  with  Ra  exposure.  Tlie  loss  of  teeth  and 
the  rate  of  tooth  loss  have  been  determined  and  are  correlated  with  increa.sing  dosages.  The  changes  in  oral 
tissues  (jaw  .syndrome)  are  documented  and  summarized. 

°  Local,  cellular  dosimetry:  This  prrxluctive  effort  involves  collaboration  with  Dr.  Ench  Polig.  Karlsruhe, 
Germany.  Dr.  Polig  .spent  about  4.5  years  in  our  laboratory  and  developed  and  applied  an  automated 
scanning  microphotomeier  system  for  the  radium  dosimetry  studies.  From  these  data  and  companion  biology 
studies,  extensive  cellular  dose  models  have  been  constructed  and  published. 

**  Summary:  The  summary  will  be  considered  complete  when  the  items  identified  above  are  finished,  with  the 
exception  of  the  local  dosimetry  program  which  will  continue. 

^  Publications  are  .submitted  to  peer-reviewed  joumal.s.  In  addition  to  the  'Summary  Paper(s)'.  a  number  of 
articles  dealing  with  .specific  scientific  is.sues  will  continue  to  be  published  m  appropnate  journals. 
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Table  41 


Milestone  Schedule  for  Completion  of 
Summary  Report  on  Young  Adult  Dog  Longevity  Study 

(September  30,  1991) 


Topic 

Status 

Historical  review 

Pending 

Experimental  designs 

Pending 

Histopathology,  SNOMED 

Clinical  summaries 

Co.mplete 

Radiographic  summaries 

Pending 

Metabolism 

General 

Complete 

Short  term  studies 

Pending 

Gross  dosimetry 

Complete 

Soft  tissues  -  dosimetry 

Complete 

Liver,  kidney,  spleen 

Pending 

Other  soft  tissues 

Dose-response 

Tumor  incidence 

Skeletal 

Pending 

Soft  tissue 

Pending 

Survival  analy'es 

Low  doses 

Complete 

Higher  doses 

Pending 

Hematology 

Pending 

Skeletal  tissues 

Skeletal  tumor. 

Complete 

Skeletal  tumor,  location 

Complete 

Radiography 

Pending 

Histology 

Pending 

Microradiography 

Pending 

Autoradiography 

Pending 

Fractures 

Pending 

Jaw 

Pending 

Local  dosimetry 

Pending 

Soft  tissues 

Liver 

Complete 

Gonad 

Complete 

Other 

Pending 
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E.  RECENT  RESEARCH  ACCOMPLISHMENTS 

I.  Eye  Tumors  and  Other  Lesions  Among  Beagle  Dogs  Given  ^Sr  OR 

R.  D.  Lloyd,  G.  N.  Taylor,  W.  Angus,  F.  W.  Bruenger,  and  S.  C.  Miller 

It  is  well-lcnown  that  dogs  and  other  animal  species  injected  with  radium  (Ra)  (or  with  other  radionuclides 
that  have  Ra  isotopes  as  progeny)  exhibit  radiation  effects  in  the  eye,  including  pigmentary  changes  and  tumors, 
especially  intraocular  melanomas  (Taylor,  G.  N.  et  al.  Radial.  Res.  51:  361,  1972;  Taylor,  G.  N.  et  al.  In  Risks 
from  Radium  and  Thorotrast,  BIR  Report  21,  British  Institute  of  Radiology,  London,  p.  86,  1989).  Cumulative 
radiation  dose  to  the  eye  was  similar  to  the  cumulative  dose  to  their  respective  skeletons  in  our  Ra-exposed  Beagle 
dogs.  Intraocular  melanomas  have  also  been  reported  as  resulting  from  the  beta  radiation  originating  in  bony 
structures  near  the  eye  of  Beagle  dogs  containing  .skeletal  deposits  of  ^Sr  (White,  R.G.  el  al.  In  Joini  Bone 
Radiobiology  Workshop,  USDOE  Report  UCD-472,  p.  17,  1991),  with  the  cumulative  dose  to  the  eye  averaging 
up  to  about  2096  of  the  respective  cumulative  skeletal  doses.  These  results  prompted  us  to  examine  the  data  from 
the  Utah  Beagle  dog  colony  to  determine  whether  a  similar  effect  on  eye  tumor  occurrence  could  be  discovered 
among  our  dogs  given  ^Sr.  Corresponding  data  for  our  120  life-span  dogs  given  0.2-440  kBq/Tcg  of  -'^Ra  (Taylor 
G.  N.  et  al.  1989)  and  133  comparable  control  dogs  were  also  reviewed  for  comparison. 

Eighty-six  young  adult  dogs,  aged  14  to  20  mo.  were  given  a  single  injection  of  ^'’Sr  at  one  of  .seven 
dose  levels  ranging  from  about  2.2  to  3100  kBq/kg  body  ma,ss  and  allowed  to  live  out  their  life  spans.  Dogs 
were  observed  daily,  and  acomplete  examination  was  performed  at  least  semi-annually  or  when  indicated  bs  something 
seen  in  the  daily  observation.  Soft  li.ssue  tumors  were  removed  surgically  when  possible,  but  neither  chemotherapy 
nor  radiotherapy  wa.s  given.  Skeletal  tumors  were  not  treated.  A  complete  necropsy  was  performed  when  animals 
died  or  were  euthanized  if  life  could  no  longer  he  supported  humanely.  Histological  examination  was  performed 
on  all  soft  ti.s.sue  lesions  sampled  at  biopsy  (or  enucleation,  for  the  eye)  or  at  necropsy,  and  lesions  were  classified 
according  to  standard  criteria  and  standard  nomenclature  as  found  in  SNOMED  ([R.  A.  Cote.  ed.|.  Systematized 
Nomenclature  of  Medicine,  Vol.  I,  Second  Edition,' Skokie,  IL:  College  of  American  Pathologi.sts;  1984).  In 
1984  it  was  agreed  that  SNOMED  and  its  extension  to  the  Beagle  dog  (SNODOG,  Watsim.  C.  R.,  Battelle  PNL. 
Richland,  WA,  personal  communication)  should  form  the  basis  for  standard  classification  of  lesions  for  the  Beagle 
dog  laboratories  in  the  U.S.  DOE  system. 

Tables  42  and  43  exhibit  the  results  of  our  analyses  of  the  reported  eye  pathology  for  dogs  in  our  colony 
given  ’OSr  or  ^^*Ra,  and  for  the  controls.  It  is  not  obvious  from  these  data  that  tumors  of  the  eye  might  have 
been  induced  by  the  ^Sr  +  in  the  eye  or  by  the  ^Sr  +  ’'^Y  in  adjacent  bone,  since  no  eye  turmtrs  were 
detected  among  our  dogs  given  ^Sr  +  ^^Y. 

Concentration  of  injected  Ra  or  radiostrontium  in  the  eyes  of  our  dogs  was  reported  many  years  ago  (Stover, 
B.  J.  et  al.  In  Some  A.speas  of  Internal  Irradiation,  Pergamon  Press,  Oxford,  p.  7,  1962).  For  times  after  injection 
ranging  from  12  to  968  days  (three  dogs),  the  concentration  of  injected  Ra  averaged  1.2.')  x  lO'^S  of  injected 
activity/g  of  eye  and  ranged  between  2.5  x  lO  '  and  3.7  x  10'^96/g.  Corresponding  data  lor  '’’^Sr  in  eyes  ranged 
from  4.9  x  10'*  5E/g  to  3.0  x  I0  '‘9f 'g  for  times  after  injection  of  8  to  960  days  (three  dogs)  with  an  average 
of  1 .75  X  10“*96/g,  only  about  5  to  12  times  lower  than  for  -’*Ra.  Any  comparison  of  dose-rates  from  incorporated 
226Ra  -t-  progeny  and  incorporated  ^Sr  +  '^’Y  should  coasider  the  differences  in  both  radiation  quality  and  radiation 
energy  absorbed  per  radioactive  disintegration  (several  MeV  of  short  range  alpha  rays  for  Ra  +  progeny  and  less 
than  I  MeV  of  longer  range  beta  rays  for  ’^Sr  +  ^Y.  with  a  substantial  fraction  of  the  beta-ray  energy  from 
the  Sr  +  Y  escaping  the  eye). 

Tables  42  and  43  indicate  that  there  are  a  few  lesions  for  which  the  occurrence  in  dogs  given  Ra  was 
substantially  higher  than  in  either  the  control  dogs  (c)  or  the  animals  given  radiostrontium  (Sr).  These  include 
hyperpigmentation  +  melanosis  +  hyperplasia  (10. 5S  c,  9%  Sr,  42.5%  Ra).  melanoma  (1%  c,  0%  Sr.  12% 
Ra),  and  (with  ies,s  dissimilarity  among  groups)  fibrosis  (I  %  c  &  Sr,  5%  Ra),  hypo- 'or  de-pigmeniation  (1  %  c. 


*Radiobiology  Division,  University  of  Utah  Schixil  of  Medicine,  Salt  I.ake  City,  Utah 
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Table  42 


Eye  lesioas  among  dogs  from  our  colony  given  or  as  young  adults  compared  with  control 

dogs  given  no  radioactivity.  Lesions  of  the  eyelid  or  conjunctiva  (including  tarsal  and  lachryrrul  glands) 
are  excluded  from  this  list.  Numerals  in  parentheses  indicate  the  total  number  of  lesions,  while  those  not 
in  parentheses  within  ihe  body  of  the  table  indicate  the  total  number  of  dogs  with  the  lesion.  Numerals 
in  the  superscripts  show  the  numbers  of  lesions  in  each  structure.  Only  those  lesions  shown  in  italic  bold 
type  were  considered  by  our  pathologists  to  be  tumors. 


Controls 

226r, 

90Sr 

Lesion 

(133  dogs) 

(120  dogs) 

(86  dogs) 

Adhesion 

1  (2)‘^-8 

1*= 

0 

Atrophy 

0 

2' 

0 

Cataract 

1' 

I** 

0 

Degeneration 

2) 

8  (9)6i.2h.e 

3' 

Fibrosis 

1 

^b,d,4e 

id 

Hemorrhage,  Hemosiderosis 

IJ 

1  (2)" 

2' 

Hyperpigmentation  +  Melanosis  t 
Hyperplasia 

14  {|9)‘l.!2c.6f 

5  l(S9)^'^2c.5J,24f,6e,j 

gd,6c,f 

Hype-or  depigmentalion 

w 

72b,2f.3e 

0 

Melanoma 

2' 

14 

0 

Necrosis 

2d.l 

2h,i 

0 

Proliferation 

0 

ik 

0 

Retinal  detachment 

ih 

0 

0 

Vascularization 

jd 

6<» 

3d 

Others; 

• 

Collagen  condensation 

0 

l^* 

0 

Collapse,  chronic 

0 

1« 

0 

Congestion 

0 

lb 

0 

Cyloplastic  vacuolization 

6h 

2b 

lb 

Dilatation 

1' 

0 

0 

Edema 

0 

1' 

0 

Infiltration  +  Inflammatioti  + 

5  (6)’* 

ftb.3d,e,i 

a  b.d.f 

Leukocytosis  +  Pannus 

Involution 

0 

1  (2)=’^ 

0 

Rupture 

0 

0 

Ulcer 

l<i 

0 

0 

Total  of  "Others' 

14 

13 

4 

*Anterior  chamber 
“Choroid 

*^Ciliary  body 

_ 

Cornea 


e 

f 


Eye,  not  otherwise  .specified 
Iris 


Sins  and  Ciliary  body 

^Lens 

’Retina 

JV’ilrous  body 
^‘Uvea 


Table  43 


Percentage  occurrence  of  eye  lesions  among  Beagle  dogs  from  our  colony  given  ^Sr  or  as  young 

adults  compared  with  control  dogs  given  no  radioactivity,  based  upon  data  in  Table  42  and  the  total 
number  of  dogs  in  each  group  (see  caution  in  text).  Only  those  lesions  shown  in  Ualic  bold  typt  were 
considered  by  our  pathologists  to  be  tumors.  Percentages  shown  in  bold  type  are  probably*  or  possibly^ 
different  between  groups. 


Percent  occurrence® 

Lesion 

Controls 
(133  dogs) 

226iu 
(120  dogs) 

90s, 

(86  dogs) 

Adhesion 

0.75 

0.83 

0 

Atrophy 

0 

1.67 

0 

Cataract 

0.75 

0.83 

0 

Degeneration 

1.50 

«.67*’ 

3.49 

Fibrosis 

0.75 

5.00*’ 

1.16 

Hemorrhage,  Hemosiderosis 

0.75 

0.83 

2.33 

Hyperpigmentation  +  Melanosis  + 

10.5 

42.5“ 

9.30 

Hyperplasia 

Hypo-or  depigmentation 

0.75 

5.83® 

0 

Mtlanoma 

0.75 

11.7“ 

0 

Necrosis 

1.50 

1.67 

0 

Proliferation 

0 

0.83 

0 

Retirul  detachment 

0.75 

0 

0 

Vascularization 

1.50 

5.00 

3.49 

Others: 

Collagen  condensation 

0 

0.83 

0 

Collapse,  chronic 

0 

0.83 

0 

Congestion 

0 

0.83 

0 

Cytoplastic  vacuolization 

4.51 

1.67 

1.16 

Dilatation 

0.75 

0 

0 

Edema 

0 

0.83 

0 

Infiltration  +  Inflammation  + 

3.76 

3.00 

3.49 

Leukocytosis  +  Pannus 

Involution 

0 

0.83 

0 

Rupture 

0.75 

0 

0 

Ulcer 

0.75 

0 

0 

Total  of  ‘Others' 

10.5 

10.8 

4.65 

“Probably  different  from  other  groups,  p  <  0.05. 

^Possibly  different  from  other  groups. 

‘^Not  all  eyes  of  the  dogs  shown  in  this  table  were  sectioned  and  prepaid  for  histological  examination. 

Only  eyes  with  grossly  apparent  lesions  were  evaluated.  Few,  if  any,  eye  tumors  probably  were 
overlooked,  but  an  unknown  proportion  of  other  lesions  may  have  been  mis,sed.  Consequently,  one  should 
use  caution  in  calculating  the  fraction  of  dogs  with  eye  lesions  ba.sed  upon  their  numbers  and  the  number 
of  dogs  shown  above.  The  percentage  of  occurrence  appearing  in  this  table  should  not  be  considered  a.s 
incidence  values. 
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0%  Sr,  6%  Ra),  and  degeneration  (1.5%  c,  3%  Sr,  7S  Ra).  In  general,  there  were  too  few  lesions  in  most 
categories  to  show  significant  differences  between  groups.  The  "Other"  categor>'  seems  not  to  be  substantially 
dissimilar  among  all  three  groups,  however. 

Virtually  all  of  the  long-lived  dogs  given  -"^Ra  exhibited  melanocyte  hyperplasia,  hyperpigmentation  and/ 
or  melanosis  in  the  eye.  No  eye  melanomas  cla.ssified  .specifically  as  benign  were  reported  in  any  animal  summarized 
in  Table  1.  However,  White  R.  G.  et  al.  (1991)  reported  that  of  the  14  eye  melanomas  identified  among  their 
dogs  given  ^^®Ra  (11  cases)  or  ^*^Sr  (three  cases),  only  four  were  classified  as  malignant,  all  of  these  occurring 
among  their  Ra  dogs.  Our  critena  for  classification  of  eye  melanomas  have  been  published  (Taylor  G.  N.  et 
al.  1989);  "The  distinction  between  extensive  pigmentary  hyperplasia  and  neoplasia  was  sometimes  indistinct.  The 
degrees  of  local  destruction  and  .scleral  invasion  were  two  criteria  that  were  arbitrarily  used  in  classifying  .some 
of  the  lesions  as  hyperplastic  or  neoplastic."  All  eye  tumors  classified  as  "melanomas’  and  exhibited  in  Table 
1  had  some  characteristics  of  malignancy  (19/19  =  100%),  whereas  the  data  of  White  R.  G.  et  al.  (1991)  indicate 
that  only  4/14  =  29%  of  their  lesions  classified  as  eye  melanomas  were  malignant.  Some  of  their  criteria  for 
malignancy  appear  to  be  included  in  the  statement  made  in  their  paper  that,  "Three  of  tho.se  four  (malignant  eye 
melanomas]  resulted  in  widespread  metastasis,  emanating  from  this  primary  ocular  site,  and  in  each  ca.se  melanoma 
was  the  cau.se  of  death."  Very  few  of  the  malignant  melanomas  shown  in  Table  1  re.sulted  in  metastasis,  but 
all  were  found  to  be  invasive  or  to  have  other  characteristics  of  malignant  tumors.  Diters  R.  W.  et  al.  (Vet. 
Pathol.  20:  379;  1933)  caution,  however,  that,  "...We  do  not  advocate  cla.ssification  of  uveal  melanomas  as  benign 
or  malignant  at  this  time  because  too  few  follow-up  studies  have  been  done...",  but  they  also  maintain  that, 
'...Ultra.structurally,  the  finding  of  premelanosomes  or  mature,  non-phagocytized  melanosomes  indicates  that  these 
are  tumor  cells  and  not  macrophages..."'* 

White  R.  G.  et  al.  (1991)  reported  the  (Kcurrence  in  their  animals  of  some  nonmelanoma  eye  tumors. 
There  was  one  benign  meningioma,  dsnved  from  the  optic  ner\e.  and  one  benign  ciliary  bcidy  tumor.  We  observed 
neither  tumor  type  among  dogs  shown  in  Table  42. 

It  should  be  noted  that  not  all  eyes  of  the  133  control  dogs,  the  120  Ra  dogs  or  the  86  Sr  dogs  were 
sectioned  and  prepared  for  histological  examination.  Only  eyes  with  grossly  apparent  lesions  were  evaluated.  Few, 
if  any,  eye  tumors  probably  were  overlooked,  but  an  unknown  proportion  of  other  lesions  may  have  been  missed. 
Consequently,  one  should  use  caution  in  calculating  (Table  2)  the  fraction  of  dogs  with  eye  lesions  based  upon 
their  numbers  and  the  number  of  dogs  shown  in  the  column  headings  in  Tables  42  and  43. 

Our  conclusions  from  the  foregoing  are:  (1)  The  data  from  the  Utah  dog  colony  indicate  that  neither  benign 
nor  malignant  intraocular  tumors  in  excess  of  the  rate  for  our  control  animals  appeared  as  a  result  of  radiation 
from  incorporated  f  (2)  It  is  unequivocal  that  me!anoma.s  are  produced  by  injected  ‘‘^Ra.  (3)  IntraiKular 
neoplasia,  hyperplasia,  hyperpigmentation  and  melanosis  in  the  eye  do  occur  in  the  absence  of  injected  radioactivity 
such  as  in  our  control  dogs.  (4)  Tumor  experience  as  currently  reported  for  animals  from  different  dog  colonies 
may  not  be  directly  comparable  because  of  differing  rales  of  discovery,  nonuniform  nomenclature  and  varying 
criteria  for  cla.s.sification  of  lesions  with  their  discordant  interpretation  by  different  pathologists,  a  situation  which 
may  or  may  not  be  resolved  in  the  future  by  the  adoption  of  uniform  paradigmatic  standards  and  nomenclature. 


"If  we  had  classified  1/3  of  the  1 16  hyperplasias  +  hyperpigmenlation  +  melanoses  shown  in  Table  1  as  lienign 
melanomas  (39)  and  the  19  melanomas  as  malignant,  then  there  would  have  been  19.'5S  =  33%  malignancies, 
much  closer  to  the  malignant-to-total  proportion  reported  by  White  et  al.  of  29%  than  to  the  estimate  maile  from 
our  melanoma  data  shown  in  Table  1  of  100% .  Other  proportions  than  1  /3  of  the  hyperplasias  +  hyperpigmenlation 
-t-  melanoses  might  be  appropriate  as  K'lm;  classitied  by  other  pathologists  as  "benign  melanomas," 


F.  W.  Bruenger,  R.  D.  Lloyd,  G.  N.  Taylor,  W.  Angus,  and  S.  C.  Miller 


An  excess  of  mammary  cancer  has  been  observed  among  women  expwsed  occupationally  during  young 
adulthood  to  226+228j^^  gjjj  among  women  who  had  received  ^^'^Ra  therapeutically  before  puberty  (Spiess,  H. 
et  al.  In  Risks  from  Radium  and  Thorotrast,  BIR  Report  21,  British  Institute  of  Radiology,  London,  p.  7,  1989; 
Rowland,  R.  E.  et  al.  In  BIR  Report  21,  p.  67,  1989).  It  is  unknown  whether  the  increased  tumor  occurrence 
was  due  to  contamination  with  either  ^-'*Ra  or  2-*‘*'-“*Ra  and/or  their  progeny  as  internal  radiation  sources,  gamma 
radiation  from  the  226+228j^a  stored  in  the  workplace,  diagnostic  X-ray  or  fluoroscopy  given  to  young  women 
with  tuberculosis  treated  with  ^^'*Ra,  other  possible  carcinogens  (eosin  or  platinum)  in  some  therapeutic  injections 
of  -^‘‘Ra,  or  from  a  combination  of  factors.  There  are  numerous  reports  that  describe  studies  concerned  with 
determining  the  radiation-induced  risk  of  mammary  tumors  in  women  (e.g.,  Rowland  R.  E.  et  al.  1989;  Spiess 
H.  et  al.  1989;  Boice,  J.  D.  et  al.  Radiat.  Res.  125:  214,  1991;  Tokunaga,  M.  et  al.  Radiat.  Res.  112:  243, 
1987;  Hildreth,  N.  G.  et  at.  N.  Engl.  J.  Med.  321: 1281,  1989).  Because  of  the  human  experience  with  mammary 
cancer  in  women  contaminated  with  Ra,  data  from  animal  experiments  constitute  a  valuable  source  of  additional 
information  that  may  ultimately  provide  a  better  understanding  of  radiation-induced  mammary  tumors. 

Existing  records  of  tumor  occurrence  in  soft  tis.sue.s  in  the  University  of  Utah  dog  colony  among  6 1  purebred 
Beagle  dogs  injected  as  young  adult  females  with  --*Ra  and  65  female  control  dogs,  all  maintained  for  life-.span 
observation,  provided  the  opportunity  for  us  to  examine  these  data  for  evidence  of  an  effect  of  Ra  exposure  on 
mammary  tumor  appearance.  The  animals  were  subjects  in  a  study  of  Ra-induced  bone  cancer.  A  total  of  130 
primary  mammary  tumors  (66  of  them  malignant)  occurred  among  35  of  61  female  young  adult  dogs  who  were 
injected  with  ^^"^Ra  in  one  of  eight  do.se  levels  ranging  from  0.2  to  440  kBq/kg  body  ma.ss.  while  a  total  of  159 
mammary  tumors  (56  of  them  malignant)  were  seen  among  45  of  65  female  control  dogs  not  given  any  radioactivity. 
All  mammary  tumors  were  removed  surgically  at  diagnosis  if  possible.  Dogs  living  to  the  minimum  age  for  diagnosis 
with  a  mammary  tumor  of  4.42  y  included  57  given  Ra  and  63  controls.  The  control  animals  were  introduced 
into  the  experiment  at  a  comparable  age  and  were  treated  exactly  the  same  as  the  Ra  dogs,  except  that  they  received 
an  injection  of  only  the  sodium  citrate-citric  acid  buffer  without  added  radioactivity  at  the  time  they  entered  the 
experiment  in-stead  of  the  same  buffer  containing  Ra. 

Several  a.spects  of  the  frequency  and  time  of  occurrence  of  the  mammary  tumors  in  control  dogs  and  Ra- 
injected  dogs  were  analysed  (Cox,  D.  R.  Stasis.  Soc.  B.  34:  187,  1972;  Kalbfleish,  J.  D.  and  R.  L.  Prentice. 
In  The  Statistical  Analysis  of  Failure  Time  Data,  Wiley,  New  York.  1980;  Hopkins,  A.  In  BMDP  Statistical  Software 
Manual  (W.  Dixon,  ed.)  Univ.  of  California  Press,  Berkeley,  p.  719,  1988).  Three  situations  were  considered: 
(1)  occurrence  of  only  the  first  tumor  in  each  dog;  (2)  occurrence  of  all  mammary  tumors,  including  each  succe,s.sive 
tumor  but  excluding  those  that  were  identical  in  type  and  location  for  the  same  dog  (which  were  considered 
recurrences);  and  (3)  occurrence  of  succe,ssive  tumors,  bu.  regarding  simultaneously  removed  tumors  at  different 
locations  or  of  different  types  as  a  single  failure  (one  failure  per  date).  Malignant  mammary  tumors  were  also 
considered  separately  within  the  three  categories  specified  above. 

Cox  regression  showed  no  significant  difference  in  time  of  first  tumor  appearance  between  Ra-injected 
dogs  and  controls,  either  for  all  tumors  (p  =  0,48)  or  for  only  malignant  tumors  (p  -  0.21).  Kaplan-Meier  weighted 
cumulative  tumor  rates  of  all  combined  malignant  and  benign  mammary  tumors  (except  recurrence  at  the  same 
location)  and  of  successively  removed  tumors  (taking  simultaneou.sly  removed  mammary  tumors  as  a  single  failure) 
indicateda  significant  shift  for  Ra  dogs  to  .shorter  times  and  higher  magnitudes  (p  =  0.004,  p  =  0.(X)7,  respectively). 
The  same  trend  was  evident  for  malignant  tumors  only  (p  =  0.001  and  p  =  0.022,  re.spectively).  Median  times 
of  tumor  removal  or  death  with  mammary  tumor  indicated  that  the  age  at  mammary  tumor  appearance  was  Ie.ss 
in  Ra  dogs  compared  to  controls  (p  <  0.05)  except  for  the  appearance  of  only  the  first  mammary  tumor. 
This  was  the  case  for  all  tumors  taken  together  and  for  malignant  tumors  only.  Dogs  given  >  5  kBq/kg  were 
younger  at  time  of  tumor  appearance  than  dogs  given  <  5  kBq/kg  (p  <  0.05)  except  for  malignant  tumors 
only. 


*Radiobiology  Division,  University  of  Utah  School  of  Medicine,  .Salt  Lake  City,  Utah 


102 


Other  soft  tissue  cancers  and  skeletal  malignancies  were  important  competing  causes  of  death  among  the 
dogs  given  Ra,  illustrated  by  the  observation  that  no  malignant  and  only  two  benign  mammary  tumors  were  seen 
in  dogs  given  31  to  440  kBq/kg.  Other  soft  tissue  cancers  were  important  competing  causes  of  death  among  controls, 
also  perhaps  reducing  the  expression  of  mammary  tumor  occurrence.  At  least  some  of  the  standard  biostatistical 
tests  adjust  the  analysis  for  the  effects  of  competing  risks. 

Autoradiography  of  mammary  tissue  from  our  tissue  archives  that  was  obtained  soon  after  Ra  injection 
revealed  that  some  *^*Ra  originally  had  been  deposited  therein  (Fig.  43).  Gamma-ray  spectroscopy  indicated  that 
the  radon  progeny  activity  observed  in  the  intact  ti.ssue  blocks  was  probably  supported  by  ^-*Ra  and  that  no  210pb 
could  be  detected  in  excess  of  the  amount  to  be  expected  from  the  spectrum  of  ^^*Ra  -t-  radon  daughters  that 
was  found.  Thus,  the  radiation  dose  received  was  derived  from  the  injected  ^**Ra  and  its  progeny. 


Figure  43.  Autoradiograph  of  mammary  tis.sue  from  a  nonpregnant  female  Beagle  dog  (T49R5)  dunng  the  early 
metestrus  phase  of  the  estrous  cycle  and  at  490  days  of  age.  The  animal  was  sacrificed  5  days  after  the 
injection  of  279  kBq  '-^Ra  per  kg  brnly  ma,ss.  Lobulation  is  moderately  defined;  most  alveoli  have  small 
lumens:  and  mitotic  figures  are  fairly  abundant.  The  alpha  activity  is  derived  principally  from  the 
perilobular  connective  tissue  and  to  a  lesser  extent  from  the  intralobular  stroma.  Deposition  in  the 
parenchyma  appears  to  be  minimal.  However,  irradiation  of  the  glandular  elements  from  the  connective 
tissue  activity  is  apparent.  A  preci.se  deposition  site  in  the  stroma  is  not  discernible,  but  in  other  sections, 
.some  of  the  focal  activity  was  associated  with  cytoplasmic,  hemosiderin-like  pigment  in  macrophages. 
Gamma-ray  spectroscopy  indicated  that  this  activity  was  *-^Ra  +  progeny  rather  than  -''^'I’b  +  progeny. 
Hematoxylin  and  eosin  stain,  14  day  exposure.  190X. 
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The  possible  influence  of  diagnostic  X-ray  exposure  on  the  expression  of  mammary  tumors  was  also 
investigated  (Table  44).  The  total  number  of  X-ray  examinations  per  dog  depended  somewhat  upon  the  length 
of  each  dog  s  life  span  and  upon  its  unique  clinical  history.  The  average  numbers  of  radiographic  examinations 
per  dog  among  the  various  groups  of  dogs  were  significantly  different  only  for  the  comparison  of  controls  vs. 
the  low-level  Ra  group  (<  5  kBq/kg)  and  between  the  low-level  and  high-level  (>  5  kBq/kg)  Ra  groups.  The 
available  data  did  not  allow  us  to  establish  a  correlation  between  external  radiation  and  development  of  mammary 
tumors. 

Table  44 

Average  Number  of  X-ray  Examinations  Per  Dog  During  Their  Lifetimes* 


All  Ra  vs.  All  Control  >  0.50 

Ra  <  5  kBq/kg  vs.  Control  <  0.05 

Ra  >  5  kBq/kg  vs.  Control  >  0. 10 

Ra  dogs,  >5  vs.  <5  kBq/kg  <  0.001 


*All  examinations  are  included  in  the  averages  (total-body,  partial-body,  single  film, 
multiple  film,  etc.),  since  available  records  did  not  always  specify  the  type  of  x-ray 
examination  performed  on  a  given  day.  Measurements  made  on  08  July  1957  indicated 
that  a  complete  radiographic  series  produced  about  1.81  X  10'“^  C/kg  (0.7  R)  equivalent 
total  body  exposure  to  an  adult  dog.  and  similar  measurements  made  on  29  November 
1961  after  changes  had  been  made  in  the  x-ray  equipment  and  radiographic  techniques 
indicated  that  the  corresponding  series  delivered  about  1.55  X  10'*^  C/kg  (0.6  R). 
Records  of  these  modifications,  including  the  exact  dates  when  they  were  made,  were 
lost  during  our  move  to  our  present  facilities  (June  1988)  following  the  removal  of  our 
dogs  from  Utah  (September  1987)  and  just  prior  to  the  demolition  of  the  buildings  that 
housed  our  project  during  the  time  when  the  Beagle  colony  was  in  operation.  Because 
of  the  much  lower  skeletal  doses  to  be  expected  for  Ra  dogs  at  injection  levels  below 
about  3  kBq/kg  that  were  introduced  into  the  study  after  1963,  less  complete  x-ray 
examinations  were  instituted  for  these  26  animals  and  for  the  31  control  dogs  entered 
during  the  same  time  period  (1964-1967),  so  that  exposure  to  external  radiation 
continued  to  constitute  only  a  smalt  fraction  of  the  skeletal  dose  from  radium. 

^From  the  Group  Comparison  ("t")  Test. 


Although  the  proportion  of  mammary  tumor  occurrence  among  our  Ra-exposed  dogs  was  similar  to  that 
of  controls  (dogs  with  total  tumors  were  35/57  =  61%  for  Ra  dogs  and  45/63  =71%  for  controls,  and  dogs 
with  malignant  tumors  were  21/57  =  37%  for  Ra-exposed  dogs  and  25/63  =  40%  for  controls),  the  age  at  tumor 
diagnosis  appears  to  have  been  decreased  significantly  among  the  Ra-exposed  dogs.  At  this  time,  we  can  offer 
no  conclusive  explanation  for  the  mammary  tumor  effects  that  we  ohsers'ed  in  our  dogs.  However,  at  lea.st  two 
possible  factors  in  addition  to  interna!  exposure  to  Ra  could  have  contributed  to  differences  between  groups  -  .selective 
deposition  of  --'’Ra  in  the  mammary  glands  and  differential  exposure  to  .X-rays. 
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3.  The  Distribution  of  ^~^Ra  in  the  Trabecular  Skeleton  And  Cortical  Bone  of  Humans  and  Beagle 
Dogs* 

W.  S.  S.  Jee,  E.  Polig**,  R.  B.  Setterberg.  and  F.  Johnson 

When  using  Beagle  dogs  as  an  experimental  animal  for  toxicity  studies  of  the  physiologic  and 

metabolic  differences  in  the  behavior  of  this  radionuclide  in  dogs  and  humans  has  to  be  considered.  The  whole- 
body  retention  of  “-*Ra  and  other  alkaline  earth  elements  has  been  summarized  in  Publication  20  of  the  International 
Commission  on  Radiological  Protection  (ICRP  20).  The  corre.sponding  whole-body  retention  in  the  dog  has  been 
determined  (Lloyd,  R.  E.  et  al.  Radiat.  Res.  66:  274,  1976).  As  Figure  44A  shows,  the  whole-body  retention 
in  the  two  species  after  a  single  injection  differs  widely.  At  about  3000  days  post  injection,  0.92%  of  the  injected 
amount  is  retained  in  humans  and  about  9.3%  in  dogs.  Consetjuently,  for  the  same  .specific  amount  injected  (Bq/ 
kg-body  v/eight)  and  equal  time  periods,  radiation  doses  to  the  skeleton  of  the  dog  are  considerably  higher  than 
those  to  the  human  skeleton. 

Cumulative  radiation  doses  to  the  skeleton  were  calculated  for  humans  using  the  retention  equations  of 
ICRP  20  for  cortical  and  cancellous  volume  labels.  The  short-term  surface  labels  were  disregarded.  The  contribution 
from  the  daughters  of  ^‘^Ra  was  considered  using  the  expression  of  Mays  el  al.  (Healih  Phys.  29:  761,  1975) 
for  the  fractional  retention  of  “-‘Rn.  The  time  integrals  of  the  retention  functions,  as  given  in  ICRP  20,  are 
of  little  use,  because  they  disregard  the  contribution  from  '■'^Ra-daughters. 

As  Figure  44B  shows,  the  mean  radiation  dose  to  the  skeleton  during  the  first  3000  days  after  a  single 
injection  of  37  kBq/kg  brxiy  weight  of  --'^Ra  is  about  20  times  higher  in  dogs  than  in  humans.  Even  if  skeletal 
doses  are  compared  at  time  periixls  corresponding  to  equal  fractions  of  the  life  expectancy  of  the  species,  the  radiation 
doses  in  the  dog  may  considerably  exceed  those  in  humans. 

The  ICRP  20  model  of  the  alkaline  earth  metabolism  alsra  de.scribes  the  partitioning  of  "®Ra  between 
cortical  and  cancellous  bone.  The  mean  concentration  in  the  two  skeletal  suh-compartments  of  the  human  skeleton 
is  plotted  in  Figure  45A,  a.ssuming  a  single  injection  of  37  kBq/kg  and  cortical  and  cancellous  hone  masses  of 
4000  g  and  1000  g,  respectively.  Over  the  first  3000  days  the  concentration  in  cortical  hone  is  lower  than  in 
cancellous  bone,  but  with  a  faster  relea.se  from  the  latter.  Eventually  ICRP  20  predicts  that  beyond  10*  days 
post  injection,  concentrations  in  cortical  bone  exceed  those  in  cancellous  bone. 

Autoradiographic  analysis  of  the  distribution  of  -*''Ra  in  cancellous  and  cortical  sites  of  the  dog  femur 
shows  some  similarity  to  the  human  findings  and  is  plotted  in  Figure  45B.  The  release  of  ^-*’Ra  is  slightly  faster 
than  in  humans,  but  not  fast  enough  to  account  for  the  high  turnover  rates  in  the  dog  metaphysis  (123%/y).  In 
addition  to  information  provided  in  ICRP  20,  this  might  be  explained  by  postulating  a  liKal  recirculation  mechanism 
of  •^'^Ra  in  the  skeleton  which  is  not  systemic. 

The  hotspots  (Polig,  E.  et  al.  Radial.  Prol.  Dosini.  3:  205,  1986)  observed  in  the  femur  shaft  of  dogs 
have  a  ■*'^Ra  concentration  afsiut  15  times  that  of  the  diffuse  label  (Fig.  46,A).  This  is  about  the  same  ratio  as 
was  found  in  distal  femoral  metaphysis  and  epiphysis.  The  percentage  of  --^Ra  found  in  hotspots  of  cortical  bone 
is  smaller  than  in  the  metaphysis  (Fig.  46B),  hut  unlike  all  tralHicular  sites,  it  does  not  increase  with  time  after 
injection. 

Generally  one  may  conclude  that,  although  the  overall  level  of  --^Ra  retention  in  dogs  and  humans  differs 
widely,  the  partitioning  b>:tween  cortical  and  cancellous  bone  m.ay  be  quite  similar.  Also  there  is  not  much  difference 
between  cortical  and  trabecular  sites  within  the  dog  skeleton,  in  spite  of  the  large  differences  in  bone  turnover 
rates. 


♦Radiobiology  Division.  University  of  Utah  School  of  .Medicine.  Salt  Lake  City,  Utah 

♦♦Kemforschungszentnim  Karlsruhe,  Instiiut  fiir  Oenetik  und  Toxikologie  von  Spallstoffen,  Karlsruhe,  Germany 
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DOSE  TO  SKELETON  (Gy) 
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Figure  45.  (.A)  Average  conceniraiior.  of'^'^Ra  in  .human  irahccuiar  and  cortical  hone  after  a  single  injection  of  37  kPq/ 
kg  iKKly-weight.  (B)  Average  concentration  of  -'^Ri  in  the  femoral  metaphysis  (trabecular)  and  the 
femoral  shaft  (cortical)  of  dogs  after  a  si-igie  injection  of  37  kBq  eg  fxxJy-weight. 
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4.  Hit  Factors  and  Microdosimetric  Parameters  of  the  Nuclei  of  Bone  Lining  Cells  Irradiated  Bv 
Alpha  Emitters* 

W.  S.  S.  Jee  and  E.  Polig** 

We  have  shown  that  the  nuclei  of  osteoblasts,  their  precursor  cells  and  bone  lining  cells  can  be  modelerl 
by  oblate  spheroids  (ellipsoids  of  revolution).  The  parameters  characterizing  shape  and  location,  e.g.,  major  and 
minor  axes  and  distance  from  surface,  have  been  determined  along  with  their  probability  densities.  In  the  study 
described  here,  the  mean  values  of  the.se  parameters  are  used  for  the  calculation  of  hit  factors,  alpha-track  segment 
lengths,  energy  deposition  and  radiation  dose  to  cell  nuclei  of  bone-lining  cells. 

It  is  primarily  the  bone  lining  cell  that  is  subject  to  irradiation  from  static  volume,  surface  and  “buried" 
surface  deposits  of  alpha  emitters  (labels).  Osteoblasts  and  their  precursors  are  pre.sent  only  during  cycles  of  bone 
formation  and  are  irradiated  by  dynamically  expanding  volume  labels  or  shifting  surface  labels.  Therefore,  the 
situation  for  these  types  of  cells  is  different  and  will  be  treated  in  a  separate  investigation. 

The  hit  factor  Gu  is  defined  as  the  factor  that  relates  the  local  concentration  a  for  either  a  volume 

M  V.S 

(v)  or  a  surface  label  (s)  of  an  a-emitting  radionuclide  to  the  mean  hit  rate  N  of  the  specified  target  (N  =  G^, 
a^  j).  Gyj  and  other  microdosi metric  parameters  were  determined  by  means  of  a  Monte  Carlo  simulation.  Figure  47 
depicts  the  irradiation  geometry  of  a  spheroidal  target  characterized  by  major  and  minor  axes  a  and  b.  respectively, 
whose  center  is  located  at  a  distance  c  from  a  cylindrical  bone  surface.  The  radius  of  the  bone  cylinder  is  r. 
In  general,  a  volume  label  is  defined  by  two  concentric  cylinders  of  radius  dj  and  d,  with  uniform  laivling  of 
the  bone  between  the.se  boundaries. 

Equating  d|  and  d,  simulates  irradiation  from  an  infinitely  thin  planar  .source.  Choosing  large  values 
of  r  (>500  /im)  simulates  the  essentially  flat  surfaces  of  trabecular  bone.  Values  of  15  and  35  ;rm  for  r 
were  chosen  to  represent  Haversian  canals  in  cortical  bone  of  Beagle  dogs  and  humans,  respectively. 

The  mean  values  u.sed  for  the  major  and  minor  axes  of  the  spheroid  are  11.1  and  1.6  ixm,  respectively. 
The  distance  c  from  the  surface  is  3.1  nm. 

Table  47  lists  the  hit  factors,  the  mean  specific  energy  (dose)  in  the  nucleus  per  hit  and  the  mean  track 
segment  length  for  both  volume  and  surfaces  labels  of  '^^Np,  --*Ra  (designated  at  “^^Np/*'^Ra  in  Table  45), 
749pu  and  ^'**Am.  These  are  the  a-emitters  of  major  interest  with  regard  to  long-term  deposition  and  late  toxic 
effects  in  the  skeleton. 

Hit  factors  for  lining  cells  increase  with  a-partic!e  energy  and  decrease  with  radius  r.  For  the  range  of 
a-particle  energies  most  relevant  to  bsine-.seeking  emitters,  hit  factors  for  surface  deposits  in  dog  osteons  (30  mm 
dia.)  are  about  35-409e  larger  than  for  trabecular  surfaces.  For  volume  deposits,  this  enhancement  due  to  surface 
curvature  is  even  more  pronounced  (40-50^).  The  effect  of  .surface  curvature  increases  with  increasing  particle 
energy  because  even  a  curved  surface  may  be  considered  as  essentially  flat  if  the  radius  of  curvature  is  large  compared 
to  the  a-particle  range. 

Surface-  and  volume-seeking  a-emitters  can  be  compared  with  regard  to  relative  hit  frequencies  using  the 
specific  surface  (or  surface/volume  ratio)  and  the  hit  factors  listed  in  Table  45.  Ratios  of  hit  frequencies  for 
surface  vs.  volume  sources,  assuming  an  equal  amount  of  radioactivity  deposited,  are  6  and  19,2  in  the  trabecular 
and  cortical  skeleton  of  the  dog.  respectively.  The  corresponding  figures  for  the  human  skeleton  are  8  and  28.9. 
respectively.  The  difference  between  trabecular  and  cortical  b<tne  comes  largely  from  the  different  values  of  S.^ 
in  the  two  types  of  bone  and  to  a  lesser  extent  from  the  different  irradiation  geometries. 


♦Radiobiology  Division.  University  of  Utah  Schrxrl  of  Medicine,  Salt  Lake  City.  Utah 
**Kemforschungszentrum  Karlsruhe,  Institut  fiir  Ceneiik  und  Toxikologie  von  Spaltstoffen.  Karlsruhe,  Germ.my 
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BONE  SURFACE 


Figure  47.  Irradiation  of  a  spheroidal  cel!  nucleus  located  in  a  Haversian  canal  of  radius  r  from  an  a-emitter.  The 
labeled  volume  is  defined  by  the  radii  d|  and  d2.  The  particle  enters  the  nucleus  at  the  geometrical  distance 
t|  and  leaves  at  the  distance  t,.  tj '  and  t, '  are  effective  distances  -  larger  than  the  geometrical  distances 
t,,  (Polig,  E.  Fhy.r.  Med.  Biol.  34:  353,  1989) 


no 


Table  45 


Hit  Factors,  Mean  Specific  Energies  and  Track  Segment  Lenzths  for  Bone  Lining 
from  a-Particles  of  Surface  and  Volume  Sources  of  ^^^Pu  and  ^ 


Cells 
*  Am 


Parameter 

237no/ 

226Ra 

239p, 

241 

Am 

PI* 

Cy 

PI 

Cy 

PI 

Cy 

Hit  factor  (10'^  cm^  Bq'*  day"*) 

SS** 

4.00 

5.38 

4.12 

5.58 

4.13 

5.78 

(10"^  cm^  Bq"*  day"*) 

VS 

3.36 

4.67 

3.85 

5.40 

4.26 

6.32 

Dose/hit  (erg/g) 

SS 

6060 

5750 

5840 

5550 

5820 

5300 

VS 

4480 

5170 

4420 

5000 

4280 

4930 

Track  segment  length  (>im) 

SS 

2.90 

2.71 

2.94 

2.76 

3.08 

2.15 

VS 

1.81 

1.52 

1.85 

2.04 

1.86 

2.08 

*PI  =  plane  surface,  Cy  =  cytinder  30^m  diameter 
^SS  =  surface  source,  VS  =  volume  source 


Mean  radiation  doses  (specific  energies)  for  individual  particle  traversals  have  been  calculated  assuming 
that  the  energy  lost  along  the  track  segment  intersecting  the  nucleus  is  deposited  within  the  volume  of  the  target. 
This  is  a  stochastic  variable,  the  mean  value  of  which  decreases  with  increasing  particle  energy  due  to  the  decreasing 
mean  linear  energy  transfer  (LET).  Within  the  range  of  4-6  .MeV  for  particle  energies,  the  mean  dose  per  hit 
is  4500-70(X)  erg/g  (0.45  -  0.70  Gy). 

Marshall  and  Groer  (Marshall.  J.  H.  and  P.  G.  Groer.  In  Energy  and  Health  [N.E.  Breslow  and  A.  S. 
Whittemore  eds.|,  Proc.  SIMS  Conference.  Alta,  Utah,  1978,  SIAM,  Philadelphia,  PA,  1979.)  have  outlined  a 
model  of  cell  transformation  and  tumor  induction  assuming  the  interaction  of  two  sensitive  sites  within  the  nuclear 
volume.  According  to  this  concept,  the  induction  probability  is  dependent  on  the  mean  track  segment  length  and 
the  mean  squared  track  segment  length.  They  also  pointed  out  that  differences  in  dose-effect  relationships  between 
surface-  and  volume-seekers  may  be  attributed  to  differences  of  the.se  two  parameters  for  surface  and  volume  sources. 
Therefore,  in  this  study,  the  mean  track  segment  length  and  its  vanance  have  been  estimated  for  bone-lining  cells. 
The  mean  track  segment  length  for  a  surface  label  is  always  larger  than  for  a  volume  label  (Table  45).  However, 
no  differences  in  the  dose-effect  relationship  of  volume  seekers  vs.  surface  seekers  should  be  expected. 

In  humans,  the  ICRP  do-.e  equivalent  limit  of  50  mSv/year  for  uniform  whole-body  irradiation  corresfKinds 
to  an  endosteal  dose  rate  of  2.28  erg  g  'day  ’.  This,  in  turn,  tran‘'lates  into  a  hit  rate  of  4.31  x  10  "*  day  '  or 
1.54  hits  during  the  residence  time  of  lining  cells  at  a  trabecular  turnover  rate  of  10%  'year,  or  0.54  hits  for  26'?' 
year.  Thus,  the  existing  standard  for  dose  limitations  implies  that  a  large  fraction  of  nuclei  of  cells  lining  brine 
surfaces  is  traversed  by  a-particles. 
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5.  Promotion  of  Radiation-Induced  Liver  Neoplasia  hv  Ethanol* 


G.  N.  Taylor,  R.  D.  Lloyd,  C.  W.  Mays**,  L.  Shabestari***,  and  S.  C.  Miller 

It  is  well  established  that  the  risk  of  radiation-induced  liver  cancer  can  be  increased  by  various  promoting 
agents  that  decrease  the  normally  long  life  span  of  the  hepatocyte,  thus  promoting  the  expression  of  latent  radiation 
injury  which  is  delayed  until  the  occurrence  of  cell  division  (Cole,  L.  J.  and  P.  C.  Nowell.  Science  ISO.  1782, 
1965.)  Many  agents  in  our  environment  tend  to  accelerate  the  cell  turnover  rate  in  the  liver  and  possibly  enhance 
the  expression  of  latent  neoplastic  changes  (Kraybill,  H.  F.  Imernational  Symposium  on  Hepatotoxiciry  [M.  Eliakim 
el  at.  eds.J,  Academic  Press,  New  York,  p.  122,  1974).  In  this  study,  ethanol  was  selected  for  evaluation  because 
it  has  been  shown  to  be  a  direct  hepatotoxin  (Rubin,  E.  and  C.  S.  Leiber.  N.  Engl.  J.  Med.  278:  869,  1968); 
to  induce  hepatic  cell  regeneration  (.MacDonald,  R.  A.  Am.  Med.  A<:soc.  Arch.  Pathol.  69:  175,  I960);  and  becau.se 
of  its  wide  usage. 

All  animals  used  in  this  experiment  were  purebred  Beagle  dogs.  The  experimental  design  for  the  animals 
receiving  ethanol  is  summarized  in  Table  I.  Baseline  data  for  the  natural  incidence  of  liver  tumors  were  derived 
from  life-span  observations  of  130  nonirradiateil.  nonethanol-treated  dogs.  The  incidence  of  radiation-induced 
liver  cancer  in  nonethanol,  americium-treated  dogs  was  determined  from  42  other  dogs.  These  latter  two  groups 
of  dogs  have  not  been  tabulated  individually,  but  they  were  maintained  under  identical  housing  and  husbandry 
conditions  as  tho.se  li.sted  in  Table  46.  Their  diet  was  identical,  except  that  it  did  not  include  ethanol,  plus  they 
were  fed  once  daily  instead  of  twice  daily  like  the  elhanol-treated  dogs.  All  dogs  pre.sented  in  this  study  were 
maintained  until  natural  death  or  until. sacrifice  became  neces.sary  because  of  terminal  disease  or  humane  con.siderations. 

Table  46 


Young  Adult  Dogs  in  this  Study  Injected  with  Citrate  and  Given  Ethanol  (95  5S) 

Daily  in  Their  Feed  from  35  Days  after  Injection  until  Death* 


Dog 

Sex 

Age  at 

Inj.,  Days 

Days  Inj. 
to  Death 

Injected 

kBq/kg 

Weight  at 
Injection,  kg 

Significant  Lesions 
at  Autopsy 

TI58W0 

M 

553 

5,137 

0.0 

12.9 

Aortic  body  tumor 

TI59W0 

F 

546 

3,555 

0.0 

10.6 

Manunary  adenocarcinoma 

T160W1 

F 

577 

4.408 

0.588 

11.4 

Fibrosarcoma  (liver) 

T161W1 

M 

546 

1,802 

0.588 

119 

Inhalation  pneumonia 

T162WI 

F 

546 

3.770 

0,607 

9  64 

Cholangiocarcinoma 

TI63W1 

M 

544 

4.863 

0.599 

9.32 

Epidermoid  carcinoma 
(gum)  Chulangiocarcinoma 

TI64W1.7 

M 

553 

3,366 

1.78 

11.3 

Hepatic  cell  carcinoma 
Cholangiocarcmoma 

T165WI.7 

F 

546 

1.810 

1.81 

8.73 

Inhalation  pneumonia 

T166W1.7 

M 

544 

3,452 

1.78 

9.28 

Lymphosarcoma 

T167WI.7 

F 

544 

3,340 

1.78 

9.04 

Cholangiocarcinoma 

*For  additional  data  on  ihe  42  dogs  in  the  nonethanol  irradiated  groups,  see  Appendix  in  Research 
in  Radiobiology.  Radiobiology  Division,  University  of  Utah  School  of  Medicine,  Sail  Lake  City, 
COO-119-262,  pp.  A-7  ■  A-8,  1986. 


♦Radiobiology  Division,  University  of  Utah  Sehixtl  of  Medicine,  Salt  Lake  City,  Utah 
♦♦Decea.sed  3  August  1989  (formerly  at  the  National  Cancer  Institute,  Bethesda,  .Maryland) 
♦♦•University  of  Utah  Animal  Resources 


The  -■"Am  was  administered  in  one  intravenous  (i.v.)  injection  at  the  ages  shown  in  Table  46.  The 
130  controls  were  given  a  single  injection  of  the  citrate  buffer  solution,  and  the  42  noneihanol.  Am-treated  dogs 
were  injected  with  either  *0.58  or  *1.75  kBq  -'*‘,Am  kg'*  of  body  weight  at  ages  comparable  to  those  treated 
with  ethanol.  For  do.se-rate  calculations,  the  bUxid-filled  liver  was  assumed  to  comprise  55.4  +  4  g  per  kg  of 
body  weight  (Cuddihy,  R.  G.  et  iil.  1971-72  Annual  Report,  p.  119;  Lloyd  et  al.  Rtulial.  Rex.  92:  280,  1982). 

Ethanol,  in  a  dosage  of  I3.5g.  was  fed  twice  daily  in  the  standard  colony  diet.  The  peak  blood  ethanol 
concentrations  in  animals  on  this  dose  ranged  from  0.059 T -0.093 (w:v),  as  determined  at  about  5  yr  of  age 
and  approximately  3.5  yr  following  the  initiation  of  the  diela.-y  ethanol.  Ninety-five  percent  ethanol  was  used 
to  avoid  benzene  residues  that  are  present  in  100^  ethanol. 

Long-term  ethanol  consumption  accelerated  the  release  of  Am  from  the  canine  liver  (Table  47).  Accelerated 
elimination  of  the  radionuclide  was  first  noted  at  aS'ut  l.8(K'  days  after  injection  and  became  more  pronounced 
with  increasing  post-treatment  times.  This  represented  a  net  body  loss  of  the  Am  from  the  KxJy  because  the  retention 
equations  for  non-liver  tissue  were  similar  in  the  ethanol  and  nonethanol-treated  dogs.  The  reason  for  the  beginning 
of  the  increased  elimination  of  •■*'Am  from  the  licers  of  ethanol-treated  uogs  at  about  1800  days  post-injection 
was  not  determined;  however,  this  is  approximately  the  time  when  the  number  of  radiation-induced  hyperplastic 
nodules  begins  to  increase.  These  relatively  ntm-radii'aclive  foci,  which  at  the  dosage  levels  considered  in  this 
study  may  ultimately  comprise  up  to  75  It  of  the  liver  ma-s.  have  a  complex  vascular  pattern  and  probably  shunt 
some  of  the  alcohol-bearing  portal  bloixl  through  the  more  normal  -inu-oids  of  the  older  non-hyperplastic  parenchyma 
which  contains  most  of  the  ■‘".•Nm. 

Two  long-term,  ethanol-treated  dogs  that  did  not  receive  Am  were  also  available  for  study  (Table  46), 
The  principal  hepatic  lesions  in  these  dogs  were:  a  moderate -to- marked  degree  of  hydropic  degeneration  ot  the 
hepatocytes;  a  minor  and  variable  degree  of  fatty  degeneration  in  the  hepatocyles  but  absence  of  necrosis  or  increased 
mitoses;  moderate-to-prominent  focal  hyperplasia  and  siderosis  of  the  Kupffer  cells,  which  were  most  extensive 
in  the  centrolobular  regions;  and  absence  of  fibroMs.  The  liver  weights  in  the^e  two  dogs  were  51  Ig  (12.9  kg 
body  weight  at  injection)  and  348g  (10.6  kg  hsxly  weight  at  iniection),  reepectively,  as  compared  to  302  ±  71 
g  for  the  general  control  population  of  the  Llah  Beagle  Ci'lony.  Cirrhosis  as  observed  in  people  (Rubin.  E.  and 
C,  S.  Leiber.  Biochemical  ami  Clinical  Axpeiix  o/.Mcohol  Mel  tholism  jV.  M.  SarJe.sai  and  C.  C.  Thomas.  eds.|. 
C.  C,  Thomas  Press.  Springfield,  IL,  p.  212.  1969)  and  nonhuman  primates  (Rubin,  E.  and  C.  S.  Leiber.  /V. 
£/ig/.  J.  .MeJ.  290:  128,  1974)  was  not  produ.ed. 

Extensive  focal  hyperplasia  of  the  hepatocytec  iKcurred  in  the  dogs  receiving  the  combined  ethanol  and 
radiation  exposure;  however,  this  was  typi  .al  ot  that  ob-  erved  in  nonethanol-treated  Jogs  with  comparable  burdens 
of  Am  (Taylor,  G.  N.  e!  al..  Life-Span  R.tilunun;  Etfcd'-  Sfiiihc'i  in  .Aninuili:  WTi.ir  Can  They  Tell  f.'v.'.  Office 
of  Scientific  and  Technical  Information.  Springfield.  V  A.  p.  268.  1986)  and  did  not  appear  to  be  an  eth.inol  elfect. 
slight  fibrosis  was  noted  in  some  doge  th.it  received  Kith  .Am  and  ethanol. 

In  the  eicht  ,Am-treated  dog-,  maintained  on  the  long-term  ethanol  treatment,  five  developed  one  or  more 
primary  liver  malienancies  (Table  46),  This  incidence  lr,in-.latcc  into  a  ri'k  coelficient  ot  51(8)  liver  malignancies 
( 10'*  dog  Gy )  ’  (Table  48)  as  compared  to  2  l',.H)  liver  m.ilignanciec  ( l'>’^  Jug  Gy)  '  for  comparable  doses  in  nonethanol- 
treated  does.  The  calculation  of  thece  ri^k  C(  etfi,.ientc  a--ume'  a  linear  doce-response  relation-hip.  Thuc,  a  2- 
3  fold  promotion  effect,  with  reepe-ct  to  liver  nialien.inciec.  was  pioduc-cd  by  the  ethanol  treatment.  The  m.iin 
uncertainties  in  this  comparison  an  -e  principally  tri>m  the  -mall  number  ot  does  obcerveJ  -  ecpecially  in  the  ethanol  - 
treated  groups.  Primary  liver  malienanciec  did  not  irccur  in  the  two  eth;:-.o|-treated.  nomrradialed.  control  dog' 
that  received  ethanol  in  their  diet'  f.ir  over  14  yr.  which  i'  in  aereemetit  with  the  the'i'  that  eth.inol  is  not  a 
major  initiatine  aeent  ot  liver  tumor'  (Ki"in.  B.  and  .M.  Nt.  Kaley  The  Riotoxey  of  .Miiiholi\n\  |B.  Ki'sin  aiul 
H.  Beelciter,  eds,|.  Plenum  Prc".  New  York,  p.  481.  D’d).  .-A  gender  ditference  in  the  incidence  of  radiation- 
induced  liver  tumors  was  not  ob'erved. 

The  uimor-promotme  effect  of  ethanol  m  the  irr.ui'.ited  d.ig'  was  obcerved  only  in  the  liV’cr  ti"ue  and 
was  probably  related  to  the  enhanced  turnover  rate  ot  hep.it-cy!,.''  I  M.i.,  D.iii.iKI,  R,  A.  cl  al.,  |9M)  ).  ,\n  abnormal 
incidence  of  cancer  m  other  orcans  was  not  as'ovialeJ  with  the  ethanol  treatment.  This  conclu'ion  was  ba'ctl 
on  a  comparison  of  the  tumor  frequency  in  the  ethanol-treated  aniin.ils  with  the  incidence  in  the  HD  lite-'p.in. 
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Table  47 


Percentage  of  the  Initial  Body  Burden  of  Injected  Retained  in  the  Livers  of  Dogs  Given  Ethanol 

(95%)  Daily  in  their  Feed  as  Measured  by  In  Vivo  Counting,  Expressed  as  Percent  of  Injected 


Days 

after 

Injection 

T160 

W1 

T161 

W1 

T162 

W1 

T163 

W1 

T164 

W1.7 

T165 

W1.7 

T166 

W1.7 

T167 

W1.7 

Mean 

Predicted 
by  the 
equation® 

4 

51.1 

51.9 

49.6 

48.8 

50.7 

49.4 

53.5 

42.7 

49.7 

49.0 

11 

47.3 

52.4 

50.6 

44.9 

48.1 

47.1 

48.1 

40.0 

47.3 

48.9 

32 

52.0 

47.9 

51.1 

47.2 

46.5 

48.3 

47.3 

38.5 

47.4 

48.7 

69 

49.9 

49.7 

51.8 

48.4 

42.9 

47.6 

49.4 

42.1 

47.7 

48.3 

162 

49.7 

52.9 

51.2 

41.5 

51.8 

49.5 

49.9 

42.9 

48.7 

47.3 

263 

47.6 

51.7 

50.9 

36.5 

36.5 

45.3 

52.7 

39.9 

45.1 

46.3 

456 

49.8 

52.6 

53.5 

45.9 

50.4 

44.4 

462 

48.8 

49.0 

51.5 

39.5 

47.2 

44.4 

831 

41.8 

50.7 

43.3 

31.4 

41.8 

41.0 

850 

51.9 

53.0 

.34.5 

46.5 

40.8 

1,210 

38.7 

45.6 

51.3 

24.2 

34.8 

42.3 

39.5 

25.6 

37.8 

37.7 

1,802 

30.4^ 

30.4 

33.2 

1,810 

19.7*’ 

19.7 

33.1 

2,407 

6.6 

18.8 

3.0 

9.5 

29.1 

2,414 

21.6 

37.1 

10.5 

23.1 

29.1 

3,191 

8.7 

18.9 

6.5 

2.7 

10.9 

2.5 

8.4 

24.6 

3,340 

3.8*’ 

3.8 

23.8 

3,452 

12.6*’ 

12.6 

23.3 

3,562 

7.6 

18.0 

8.5 

11.4 

22.7 

3,770 

13.2*’ 

13.2 

21.7 

4,137 

5.5 

2.6 

4.0 

20.1 

4,408 

8.0** 

8.0 

18.9 

4,863 

7.7*’ 

7.7 

17.1 

*For  young  adult  dogs  injected  with  ^^*Am  but  not  treated  with  ethanol,  %  liver  retention  = 

49.0  e'0'^00216t^  where  t  =  days  after  injection  (Lloyd,  R.  D.  et  al.  Radiat.  Res.  I00\  564.  1984), 
^Estimates  made  from  measurement  of  e.xcised  livers. 
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nonirradjated,  control  do”s  that  were  reared  identically  except  for  the  absence  of  ethanol  in  their  diets.  Also, 
bone  cancer  was  not  oh.seA'ed  in  any  ethanol-treated  drr^.  whereas  1.9  tumors  csere  expected.  This  flndini*  may 
have  been  related  to  the  relatively  small  number  of  does  at  risk. 


Table  48 

Calculated  Alpha  Doses  to  the  Livers  of  Dogs  Injected  Intravenously  with  ^^*Am 


Dog 

Days  from 
injection 
to  death 

Liver  dose  1  yr 
before  death  Gy 
(with  alcohol) 

Liver  dose,  Gy  at 

I  yr  before  death 
(no  alcohol) 

Ratio  of  calculated 
liver  doses 

(with/without  alcohol) 

T160W1 

4,408 

0.714 

1.064 

0.67 

T161W1 

1,802 

0.430 

0.487 

0.88 

T162W1 

3,770 

0.69? 

0,982 

0,71 

T163W1 

4,863 

0.748 

1.156 

0.65 

T164W1.7 

3,366 

1.947 

2.637 

0.74 

T165W1.7 

1,810 

1.329 

1.507 

0.88 

T166W1.7 

3,452 

1.969 

2.691 

0.73 

T167W1.7 

3,340 

1.940 

2.621 

0.74 

The  incidence  of  liver  tumors  in  dogs  with  body  burdens  of  Am  was  increased  by  a  factor  of  about  2- 
3  with  chronic  ethanol  ingestion.  This  was  similar  to  the  enhancement  effect  reported  by  Cole  and  Nowell  (1965) 
in  mouse  studies  using  neutrons  as  the  initiating  agent  and  carbon  tetrachloride  as  the  promoter.  Perhaps  the 
maximal  ability  of  the  liver  to  mask  potential  radiation-i'’'luce<l  w’slomancies  is  ;n"":'ximatelv  a  factor  of  three 
Since  it  wouiu  have  been  imp.-ctivai  to  increase  ihc  long-term  dose  oJ  ethanol  used  in  this  experiment  to  an  appreciably 
higher  level,  “three"  appeared  to  be  near  the  miiximiim  in  this  studv. 

A\Tiat  is  the  significance  of  ethanol  consumptirin  on  the  risk  coefficients  derixcd  from  human  experience 
such  as  the  German  Thorotrast  cases  (van  Kaick.  G.  rl  iil.  British  Imiiiule  of  R,uHolo\^-  Report  21  [D.  M.  Taylor 
et  (il. ,  eds.|,  p,  98,  1989).^  For  example,  in  19'^0  it  w.is  estimated  that,  in  the  Federal  Reptibltc  ot  Germany, 
about  5 of  the  population  fI5  yr  and  older)  consumed  in  excess  of  a  daily  averace  of  150  rrl  of  absolute  alcohol 
(DeLing.  J.  Bril.  J.  Addict,  i:  3,  1975).  It  is  possible  that  the  higher  risk  obserxed  in  the  male  vs,  female  German 
Thorotrast  cases  might  be  related  to  sex  differences  m  ethanol  consumption,’  If  ethamil  were  an  enhancini;  factor 
in  the  risk  coefficients  derived  from  these  cases,  the  risk  coetfivienf^  for  humans  that  received  'fhortitrast  would 
overestimate  the  risk  for  individuals  without  ethanol  consumption. 

Paradoxically,  ethanol  tended  to  shorten  the  .Am  retention  time,  thus  reducinc  the  radiation  dose,  while 
simultaneously  promoting  the  development  of  r.irliation-inilu.  ed  tumors,  lle*wever,  the  net  result  tit  these  opposinii 
factors  was  still  a  significant  increase  in  the  risk  ot  li\er  malignancies,  even  thoueh  the  enhanced  Am  excretion 
from  the  liver  pr(.ibably  provided  some  protective  effect,  (fbviously,  the  doniinance  of  the  tumor-promoting  effect 
of  ethanol  plus  other  undesirable  factors  would  precltide  any  therapeutic  consideratu'n  of  its  use  as  a  means  of 
reducing  a  radionuclide  burden  in  the  liver. 

In  this  study ,  involving  a  relatively  sircill  numb-.-r  of  dogs,  chnmw  incestiori  of  ethanol  exerted  an  appreciable 
promoting  effect  on  radiation-induced  malignancies  m  the  liver.  Restriction  of  dietary  ethanol  should  possibly 
be  considered  as  part  of  the  treatment  regimen  m  human  cases  involving  liver  irradiation. 
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Hi.  ARGONNE  NATIONAL  LABORATORY 
LIFE-SPAN  STUDIES  IN  DOGS 


A.  SPECIFIC  PROJECT  OBJECTIVES 


Studies  have  been  in  progress  at  the  Argonne  National  Laboratory  for  many  years  to  study  the  long-term 
biological  effects  of  protracted  *°Co  irradiation  in  laboratory  dogs.  Because  the  dog  has  a  much  longer  life-span 
than  rodents,  results  from  the  dog  are  providing  a  bridge  for  extrapolating  results  between  rodent  data  and  what 
would  be  projected  for  people  irradiated  under  similar  conditions.  The  previously  stated  objectives  of  these  studies 
were  to  (1)  determine  the  relative  influence  of  daily  exposure  rate  and  total  accumulated  dose,  (2)  provide  data 
for  estimates  of  radiation-specific  excess  mortality  rates  in  the  dog  to  enable  interspecies  comparisons  with  existing 
rodent  data,  and  (3)  study  the  radiation  damage  related  to  life  shortening  and  death,  particularly  leukemia  and 
other  pathology  of  the  blood-forming  system.  The  radiation-exposed  dogs  in  these  studies  received  protracted 
whole-body  ^'^Co  irradiation  for  22  hours/day,  7  days/week,  at  various  dose  rates  down  to  those  allowing  a  nearly 
normal  life-span.  Other  dogs  that  were  housed  under  the  same  conditions  but  were  not  exposed  to  the  *®Co  radiation 
served  as  controls. 

The  basic  studies  initiated  at  the  Argonne  National  Laboratory  to  study  the  effects  of  protracted  whole- 
body  irradiation  of  dogs  have  been  primarily  of  two  types;  life-span  and  terminated.  In  the  life-span  studies. 
Beagle  dogs  were  entered  on  study  as  young  adults  and  irradiated  chronically  22  hours  per  day,  7  days  per  week, 
at  different  dose  rates  (0.3,  0.75,  or  1.9  cGy  per  day)  over  their  remaining  life  span.  In  the  terminated-type 
of  study,  dogs  were  chronically  exposed  under  a  similar  regimen  at  dose  rates  of  3.8,  7.5,  12.8,  or  26.3  cGy 
per  day  until  predetermined  total  doses  of  450,  1050,  1500,  or  3000  cGy  were  accumulated.  The  irradiation  of 
these  dogs  has  been  completed  or  stopped,  and  most  of  the  dogs  are  now  dead. 

B.  CURRENT  STATUS  OF  DOGS 

The  study  population  alive  in  January  1991  was  comprised  of  colony  controls,  study  dogs  who  were  being 
exposed  at  the  0.3  cGy  per  day  level  and  the  associated  controls.  In  addition,  other  dogs  were  on  long-term 
study  of  the  hematopoietic  effects  of  different  regimens  of  protracted  irradiation  from  an  external  **^Co  source. 
At  that  time,  a  decision  was  made  to  discontinue  the  chronic  irradiation  of  the  remaining  dogs  on  .study  and  to 
transfer  all  remaining  dogs  to  ITRI  for  care,  clinical  observation.s,  and  pathological  evaluations  at  death  or  euthanasia. 
A  total  of  73  dogs  were  transferred  to  the  ITRI  colony  on  January  23,  1991  and  are  receiving  appropriate  life¬ 
span  followup  observations  (Table  49). 

From  January,  1991,  to  September  30,  1991,  16  dogs  died  or  were  euthanized  in  the  study.  Protracted 
'Mtole-Body  ^Co  Irradiation.  Seven  of  the  16  dogs  died  with  neopla.stic  disease,  a  prevalence  similar  to  that 
of  control  dogs  in  the  ITRI  colony.  No  clear  pattern  of  site  or  tumor  type  emerges  from  these  data.  Two  dogs 
died  in  the  Colony  Control  group.  One  of  these  dogs  died  with  neoplastic  disea.se.  None  of  the  dogs  in  the 
other  studies  died.  All  of  the  surviving  dogs  continue  to  be  followed  medically,  and  gro.s.s  and  histopathology 
information  will  be  obtained  at  death. 


Table  49 


Status  of  Dogs  Transferred  from  Argonne  National  Laboratory  to  ITRJ  on  January  23,  1991 


Birth 

Death 

Death 

Study  Name 

Tattoo 

Sex 

Date 

Date 

Age 

Gross  Findings 

Protracted 

3020 

F 

75046 

91075 

5873 

Acute  Hepatitis,  Nodular 

Whole-Body 

Hyperplasia-Liver 

^®Co  Irradiation 
0.3  Cgy/day 

3234 

F 

76105 

91094 

5468 

Glomerulonephritis,  Severe  Chronic 

3244 

F 

76114 

91059 

5424 

Mammary  Carcinoma  with 

Metastasis 

3247 

M 

76114 

91104 

5469 

Congestive  Heart  Failure,  Secondary 
to  Myocardial  Degeneration 

3262 

M 

76119 

3287 

M 

76132 

91245 

5592 

•Kidney  Carcinoma,  Meta.sUsis  to 
Adrenal,  Thyroid,  L.  Node 

3300 

M 

76173 

3309 

M 

76174 

3363 

M 

76292 

3364 

M 

76292 

3368 

F 

76293 

3374 

M 

76293 

3377 

M 

76302 

91077 

5254 

Lung  Necrosis,  Seizures 

3378 

F 

76302 

3385 

M 

76302 

3410 

M 

76306 

92003 

5541 

Thyroid  Carcinoma,  with  Metastasis 

3418 

M 

76308 

3432 

F 

76325 

91225 

5379 

Disc  Degeneration,  Pyelonephritis, 
Liver  Degeneration 

3433 

F 

76325 

3447 

F 

76331 

9: 192 

5340 

Diverse  Clinical  and  Gros.s  Findings, 
No  PCOD  Yet 

3456 

M 

76334 

92104 

5614 

Hydrocephalus,  Pheochromocyloma 

3543 

M 

77164 

3544 

M 

77164 

3549 

M 

77172 

91157 

5098 

Right  Heart  F  ilure,  Liver  Chronic 
Passive  Congestion,  Seizures 

3552 

F 

77  ISO 

92169 

5467 

Lung  -  Adenocarcinoma 
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Table  49 


Status  of  Dogs  Transferred  from  Argonne  National  Laboratory  to  ITRl  on  January  23,  1991 


Study  Name 

Tattoo 

Sex 

Birth 

Date 

Death 

Date 

Death 

Age 

Gross  Findings 

Protracted 

3555 

F 

77180 

Whole-Body 

®^Co  Irradiation 

3571 

F 

77195 

0.3  Cgy/day 

3572 

F 

77195 

91073 

4991 

Mammary  Neoplasia  with  Metastasis 

(Cont.) 

3575 

F 

77195 

91204 

5122 

Myocardial  Infarction 

3576 

M 

77195 

91135 

5053 

Chronic  Pyelonephritis 

3590 

F 

77238 

3602 

F 

77270 

912C7 

5050 

Adrenal  Cortical  Carcinoma 

Hematologic 

4171 

F 

84220 

Changes  in 

Radiation 

4173 

M 

84220 

Induced 

4178 

M 

84223 

Leukemia 

4230 

M 

86034 

4231 

M 

86034 

4236 

M 

86081 

4238 

M 

86081 

4319 

F 

86305 

4446 

M 

88044 

4449 

M 

88045 

4512 

M 

89137 

4518 

M 

89138 

4524 

M 

89144 

4525 

M 

89144 

4532 

M 

89148 

4535 

M 

89148 

4541 

M 

89148 

4549 

M 

89187 

9001 

F 

81008 

Fractionated 

4358 

M 

87129 

WeekW  Doses 

from  ^Co 

4405 

M 

87207 

Ealemal 

Irradiation 

4427 

M 

8734? 
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T»ble  49 


Status  of  Dogs  Transfeaed  from  Argonne  National  Laboratory  to  ITRI  on  January  23,  1991 


Birth  Death  Death 

Study  Name  Tattoo  Sex  Date  Dale  Age  Gross  Findings 


Continuous 

3055 

F 

75118 

Irradiation 

In  Utero 

4147 

F 

83308 

4148 

F 

83308 

4150 

F 

83308 

Cadonium 

Metabolism 

3917 

F 

81112 

in  Dogs 

9009 

F 

83185 

Colony  Controls  3542 

M 

77164 

3591 

M 

77238 

3618 

M 

77341 

91214 

4986 

Ruptured  Disk,  Cord  Compression 

3695 

F 

78171 

91144 

4721 

Ovary-Tumor,  Liver-Fibrosarcoma 

3752 

M 

78179 

3784 

M 

79127 

3835 

M 

79267 

3909 

M 

81111 

3936 

M 

81175 

3991 

M 

82005 

4161 

F 

84003 

iV.  PUBLICATIONS  FROM  THE  LIFE-SPAN 
STUDIES  IN  DOGS  AT  THE  ITRI 


A.  OPEN-LITERATURE  PUBLICATIONS  FROM  INCEPTION  OF  THE  ITRI  STUDIES  THROUGH 
FY-1990  (Toul  of  309) 

Full  references  to  these  publications  are  given  in  :  Annual  Report  on  Long-Term  Dose-Respome  Studies 
of  Inhaled  or  Injected  Radionuclides;  198S-I9S9,  pp.  129-150,  Report  LMF-128  (1990)  and  1989-1990,  pp.  157- 
159,  Report  LMF-130  (1991). 

B.  OPEN-LITERATURE  PUBLICATIONS  OF  THE  ITRI  STUDIES  DURING  FY-I991  (Total  of  33) 

Benjamin,  S.  A.,  K.  J.  Nikula,  B.  A.  Powers  and  F.  F.  Hahn:  Radiation  and  Heat.  In  A  Hatuibook  of 
Toxicologic  Pathology,  (W.  M.  Haschek-Hock  and  C.  G.  Rous.seaux.  eds.).  Academic  Pre.ss,  1991. 

Bice,  D.  E.,  D.  N.  Weissman  and  B.  A.  Muggenburg:  Long-Term  Maintenance  of  Localized  Antibody 
Responses  in  the  Lung.  Immunology  (in  pre.ss). 

Boecker,  B.  B.,  B.  A.  Muggenburg,  F,  F.  Hahn,  K.  J.  Nikula  and  W.  C.  Griffith:  Life-Span  Health 
Effects  of  Relatively  Soluble  Forms  of  Internally  Deposited  Beta-Emitting  Radionuclides.  To  be 
published  in  Proceedings  of  the  International  Radiation  Protection  Association  8ih  Congress,  to  be  held 
in  Montreal  Quebec,  Canada,  May  1992  (in  press). 

Boecker,  B.  B.,  R.  M.  Hall,  Jr.  ,  K.  G.  W.  lun,  J.  N.  P.  Lawrence  and  P.  L.  Ziemer:  Current  Status  of 
Bioassay  Procedures  to  Detect  and  Quantify  Previous  Exposures  to  Radioactive  Materials.  Health  Phys. 
60(1):  45-100,  1991. 

Brooks,  A.  L.,  R.  A.  Guilmette,  F.  F.  Hahn,  P.  J.  Haley,  B.  A.  Muggenburg,  J.  A.  Mewhinney  and  R. 

O,  McClellan:  Distribution  and  Biological  Effects  of  Inhaled  •^'^Pu(NOj)^  in  the  Cynomolgus  Monkey. 
Rcul.  Research  (submitted), 

Chang,  I.  Y.,  W.  C.  Gnffith,  L.  J.  Shyr,  H.  C.  Yeh.  R.  G.  Cuddihy  and  F.  A.  Seiler:  Software  for  the 
Draft  NCRP  Respiratory  Tract  Dosimetry  Model,  RtuUat.  Prot.  Dosim,  (in  press). 

Davila,  D.  R.,  R.  A.  Guilmette,  D,  E.  Bice,  B.  A.  Muggenburg,  D.  S.  Swafford  and  P.  J.  Haley:  Long- 
Term  Consequences  of  ’^’PuOj  Exposure  in  Dogs:  Persistent  T  Lymph(x:yte  Dysfunction.  Int.  J.  Radiat, 
Biol,  (in  pre.ss). 

Diel,  J.  H.,  R.  A.  Guilmette,  B,  A.  .Muggenburg,  F.  F.  Hahn  and  I.-Y.  Chang:  Influence  of  Dose  Rate  on 
Survival  Time  for  “^^PuOj  Induced  Radiation  Pneumonitis  or  Pulmonary  Fibrosis  in  Beagles.  Rruiiat. 

Res.  (in  press). 

Gillett,  N.  A.,  R.  R.  Pool,  G.  N.  Taylor,  B.  A.  Muggenburg  and  B.  B.  Boecker:  Strontium-90  Induced 
Bone  Tumors  in  Beagle  Dogs:  Effects  of  Route  of  Exposure  and  Dose  Rate.  hit.  J.  Radiat.  Biol. 
(submitted). 

Gillett,  N.  A.,  R.  R.  Pool  and  B.  A.  Muggenburg:  Tumors  of  Bone,  To  be  published  as  Btxik  Chapter  in 
the  DOE/OHEP.  Beagle  Pathology  Athis  (in  press). 

Gillett,  N.  A.,  B.  L.  Stegelmeier,  G.  Kelly,  P.  J.  Haley  and  F.  F.  Hahn:  Expression  of  Epidermal  Growth 
Factor  Receptor  in  Plutonium-239  Induced  Lung  Neoplasms  in  Dogs.  Vet.  Pathol,  (in  press). 


Gillett,  N.  A.,  B.  L.  Stegelmeier,  l.-Y.  Chang  and  G.  Kelly:  Expression  of  Transforming  Growth  Factor 
Alpha  in  Plutoniunl-239  Induced  Lung  Neoplasms  in  Dogs:  Investigations  of  Autocrine  Mechanisms  of 
Growth.  Radial.  Res.  126:  289-295,  1991. 

Griffith,  W.  C.,  B.  B.  Boecker,  N.  A.  Gillett,  R.  A.  Guiimette,  F.  F.  Hahn  and  B.  A.  Muggenburg: 
Comparison  of  Risk  Factors  for  Bone  Cancer  Induced  by  Inhaled  ^SrCl  and  -^*Pu02.  Proceedings  of 
the  EULEP/DOE  Joint  Bone  Radiobiology  Workshop,  VCD-472-136,  pp.  13-16,  NTIS,  Springfield,  VA, 
1991. 

Griffith,  W.  C.,  B.  B.  Boecker,  F.  F.  Hahn,  B.  A.  Muggenburg  and  M.  B.  Snipes;  The  Effect  of  Dose 
Protraction  on  the  Incidence  of  Lung  Carcinomas  in  Beagle  Dogs  with  Internally  Deposited  B-Emitting 
Radionuclides.  To  be  published  in  Proceedings  of  the  International  Radiation  Protection  Association  8th 
Congress,  to  be  held  in  Montreal,  Quebec,  Canada,  May  1992  (in  press). 

Griffith,  W.  C.  and  R.  A.  Guiimette:  Multiparameter  Analysis  of  Fallout  Plutonium  Burdens  in  Human 
Liver.  Radiat.  Prot.  Dosim.  (in  press). 

Guiimette,  R.  A.  and  A.  F.  Eidson:  Using  Animal  Dosimetry  Models  to  Interpret  Human  Bioassay  Data  for 
Actinide  Exposures.  Int.  J.  Radioanaiytical  Nucl.  Chem.  (in  press). 

Guiimette,  R.  A.  and  W.  C.  Griffith;  The  Effect  of  Isotope  on  the  Dosimetry  of  Inhaled  Plutonium  Oxide. 
To  be  published  in  Proceedings  of  the  International  Radiation  Protection  Association  8th  Congress,  to 
be  held  in  Montreal,  Quebec,  Canada,  May  1992  (in  press). 

Guiimette,  R.  A.  and  B.  B.  Boecker,  eds;  Respiratory  Tract  Dosimetry.  Radiat.  Prot.  Dosim.  38(1):  249, 
1991. 

Guiimette,  R.  A.  and  B.  A.  Muggenburg;  Effectiveness  of  Continuously  Infused  DTPA  Therapy  in  Reducing 
the  Radiation  Dose  from  Inhaled  Aerosols.  Health  Phys.  (submitted). 

Hahn,  F.  F.,  N.  A.  Gillett,  B.  B.  ooecker,  R.  A.  Guiimette  and  B.  A.  Muggenburg:  Comparison  of  Bone 
Lesions  Induced  by  Inhaled  ^SrCI,  or  -^*PuO,.  Proceedings  of  the  EULEP/DOE  Joint  Bone 
Radiobiology  Workshop,  VCD-472-136,  NTIS,  Springfield,  VA,  1991. 

Hahn,  F.  F.,  W.  C.  Griffith,  B.  B.  Boecker,  B.  A.  Muggenburg  and  D.  L.  Lundgren:  Compari.son  of  the 
Effects  of  Inhaled  ^^’PuOj  and  -Emitting  Radionuclides  on  the  Incidence  of  Lung  Carcinomas  in 
Laboratory  Animals.  To  be  published  in  Proceedings  of  the  International  Radiation  Protection 
Association  8th  Congress,  to  be  held  in  Montreal,  Quebec,  Canada,  May  1992,  (in  press). 

Hahn,  F.  F.,  W.  C.  Griffith,  C.  H.  Hobbs,  B.  A.  Muggenburg  and  B.  B.  Boecker:  Biological  Effects  of 
®’Y  in  Relatively  Insoluble  Particles  Inhaled  by  Beagle  Dogs.  To  be  published  in  Proceedings  of  the  7ih 
International  Symposium  on  Inhaled  Particles,  held  in  Edinburgh,  Scotland,  September  16-21,  1991 
(submitted). 

Kelly,  G.,  P.  R.  Kerkof,  P.  J.  Haley  and  F.  F.  Hahn:  Proto-Oncogene  mRNA  Expression  in  Plutonium- 
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C.  DOCUMENT  REPORTS  RESULTING  FROM  THE  ITRI  STUDIES 


Report 

No. 

Date 

Title 

LF-28 

Sep  1965 

Selective  Summary  of  Studies  on  the  Fission 
Product  Inhalation  Program 
from  July  1964  through  June  1965 

LF-33 

Nov  1966 

Selective  Summary  of  Studies  on  the  Fission 
Product  Inhalation  Program 
from  July  1965  through  June  1966 

LF-38 

Nov  1967 

Fission  Product  Inhalation  Program 

Annual  Report,  1966-1967 

LF-39 

Nov  1968 

Fission  Product  Inhalation  Program 

Annual  Report,  1967-1968 

LF-41 

Nov  1969 

Fission  Product  Inhalation  Program 

Annual  Report,  1968-1969 

LF^3 

Nov  1970 

Fission  Product  Inhalation  Program 

Annual  Report,  1969-1970 

LF-44 

Nov  1971 

Fission  Product  Inhalation  Program 

Annual  Report,  1970-1971 

LF-45 

Nov  1972 

Fission  Product  Inhalation  Program 

Aiuiual  Report,  1971-1972 

LF-46 

Dec  1973 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1972-1973 

LF-49 

Dee  1974 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1973-1974 

LF-52 

Dec  1975 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1974-1975 

LF-56 

Dec  1976 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1975-1976 

LF-58 

Dec  1977 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1976-1977 

LF-60 

Dec  1978 

Inhalation  Toxicology  Research  Inst-tute 
Annual  Report,  1977-1978 

LF-69 

Dec  1979 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1978-1979 

LMF-84 

Dec  1980 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1979-1980 

LMF-91 

Dec  1981 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1980-1981 

LMF-102 

Dec  1982 

Inhalation  Toxicology  Research  Institute 
Annual  Report,  1981-1982 

Report 

No. 


Date 


Title 


LMF-107 

Dec  1983 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1982-1983 

LMF-113 

Dec  1984 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1983-1984 

LMF-114 

Dec  1985 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1984-1985 

LMF-llS 

Dec  1986 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1985-1986 

LMF-120 

Dec  1987 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1986  1987 

LMF-121 

Dec  1988 

Inhalation  Toxicology  Research  Institute 

Annual  Report,  1987-1988 

LMF-128 

Aug  1990' 

Annual  Report  on  Long-Term  Dose-Response 
Studies  of  Inhaled  or  Injected  Radionuclides. 
1988-1989 

LMF-130 

Mar  1991 

Annual  Report  on  Long-Term  Dose-Response 
Studies  of  Inhaled  or  Injected  Radionuclides, 
1989-1990 

LMF-135 

Mar  1992 

Annual  Report  on  Long-Term  Dose-Response 
Studies  of  Inhaled  or  Injected  Radionuclides, 
1990-1991  (this  report) 
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PUBLICATIONS  FROM  LIFE-SPAN  STUDIES  IN 
DOGS  AT  THE  UNIVERSITY  OF  UTAH 


A.  OPEN-LITERATURE  PUBLICATIONS  FROM  INCEPTION  OF  THE  UTAH  STUDIES 
THROUGH  FY-1990  (Total  of  373) 

Ful!  references  to  these  publications  are  given  in;  Annual  Repuri  on  Long-Tenn  Dose-Response  Studies 
of  Inhaled  or  Injected  Radionuclides;  1988-1939,  pp.  151-176,  Report  LMF-128  (1990)  and  189-1990,  pp.  163- 
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239pu 
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Injection  of  Particulate  Plutonium,  hit.  J.  Riuliat.  Biol.  6<?;803-818,  1991. 

Jee,  W,  S.  S.,  J.  Inuoe,  K.  W.  Jee,  T.  Haba,  H.  Z.  Ke,  X.  J.  Li  and  R.  B.  Setterberg: 

Histomorphometry  A.ssay  of  Growth  Bones.  In:  Handbook  of  Bone  Morphometry,  Second  Edition,  H. 
Takahashi,  ed.,  Nashimura  Co.  Ltd.,  Niigata  City,  Japan  (in  press). 

Lloyd,  R.  D.:  A  Brief  Glance  at  the  Scientific  Legacy  of  Charles  W.  Mays,  Jr.  Health  Phys.  (in  press). 

Lloyd,  R.  D.  and  F.  W.  Bruenger;  Rn  to  Ra  Ratios  in  Hour  at  Death  in  Beagles  Injected  with  ^^®Ra 
Between  90  and  300  Days  of  Age.  Health  Phys.  60:567-568.  1991. 

Lloyd,  R.  D.  and  G.  N.  Taylor;  NTS  Fallout-Induced  .Multiple  Myeloma  in  Utah.  Health  Phys.  67:671- 
674,  1991. 
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Phys.  60:435-438,  1991. 

Lloyd,  R.  D.,  G.  N.  Taylor,  W.  Angus.  F.  W.  Bruenger  and  S.  C.  Miller:  Bone  Cancer  Occurrence 
Among  Young  Adult  Beagles  Given  '^'^Pu.  Health  Phys.  (submitted). 

Marks,  S.  C.,  Jr.,  E.  K.  Larson,  B.  M.  Bowman  and  S.  C.  .Miller;  Local  Induction  of  Alveolar  Bone  in 
Adult  Dogs  by  Infusion  of  Prostaglandin  Ej.  In:  Biological  Mechanisms  of  Tooth  Eruption  and  Root 
Resorption,  Volume  II,  Z.  Davidovitch,  ed.,  Ohio  State  University  Press  (in  press). 
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Marks,  S.  C.,  Jr,,  L.  K.  Osier  and  S.  C.  Miller:  Prostaglandins  and  New  Bone  Formation.  Chapter  In: 
Bone  Grafts:  From  Basic  Science  to  Clinical  Application,  M.  B.  Habal  and  A.  H.  Reddi,  eds.,  W.  B. 
Saunders  (in  press). 

Marks,  S.  C.,  Jr.  and  S.  C.  Miller:  Site-Directed  Formation  of  New  Lamellar  Bone  in  Adult  Dogs  by 
Infusion  of  Prostaglandin  Ej.  In:  FundamentaLs  of  Bone  Growth:  Methodology  and  Applications,  A.  D. 
Dixon,  B.  G.  Samat  and  D.  A.  N.  Hoyte,  eds.,  CRC  Press,  Boca  Raton,  Chapter  37,  pp.  375-381, 
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Mays,  C.  W.,  H.  F.  Lucas  and  R.  D.  Lloyd:  Radium-226  Dose  to  a  Boy  from  Playing  on  Mill  Tailings. 
Health  Phys.  67:203-207,  1991. 

Miller,  S.  C.  and  W.  S.  S.  Jee:  Bone  Lining  Cells.  In:  Bone,  Vol.  4,  Bone  Metabolism  and 
Mineralization,  CRC  Press,  Boca  Raton,  FL,  pp.  1-19,  1991. 

Polig,  E.  and  W.  S.  S.  Jee:  Hit  Rates  and  Radiation  Doses  to  Nuclei  of  Bone  Lining  Cells  from  Alpha- 
Emitting  Radionuclides.  Radiat.  Res.  (in  press). 

Polig,  E.,  W,  S.  S.  Jee,  R,  B.  Setterberg  and  F.  Johnson:  Local  Distribution  and  Dosimetry  of  *^*Ra  in 
the  Trabecular  Skeleton  of  the  Beagle.  Radiat.  Res.  (in  pre.ss). 

Stannard,  J.  N.,  R.  D,  Lloyd.  P.  W.  Durbin,  R.  K.  Jones,  N.  J.  Parks,  R.  R.  Pool  and  H.  A.  Ragan: 
Some  Aspects  of  Strontium  Rndiohiology,  NCRP  Report  No.  110,  National  Council  on  Radiation 
Protection  and  Measurements,  Bethesda,  MD,  1991. 

Taylor,  G.  N.,  R,  D.  Lloyd,  C.  W.  Mays,  W.  Angus,  S.  C.  .Miller,  L.  Shabestari  and  F.  F.  Hahn: 
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Induced  Liver  Neoplasia  by  Ethanol.  Health  Phys.  (in  press). 

Woodard,  J.  C.  and  W.  S.  S.  Jee:  Skeletal  System.  In;  Fundamentals  of  To.xicologic  Pathology,  W.  M. 
Haschek-Holik  and  C.  Roris.seau,  eds..  Academic  Press  (in  press). 


C.  DOCUMENT  REPORTS  RESULTING  FROM  THE  UTAH  STUDIES 
Report 


No. 

Date 

Title 

TID-7639 

Jun  1954 

Consultants  Meeting 

AECU-3418 

Mar  1955 

Annual  Report 

AECU-3109 

Sep  1955 

Semi-Annual  Report 

TlD-16458 

Mar  1956 

Annual  Report 

TID-16459 

Sep  1956 

Semi-Annual  Report 

AECU-3522 

Mar  1957 

Annual  Report 

AECU-3583 

Sep  1957 

Semi-Annual  Report 

COO-215 

Mar  1958 

Annual  Report 

COO-216 

Mar  1958 

Escape  of  Radon  and  Thoron 

COO-217 

Sep  1958 

Semi-Annual  Report 

AECU-4112 

Feb  1959 

Radioactive  Fallout 

COO-218 

Mar  1959 

Annual  Report 

COO-219 

Sep  1959 

Semi-Annual  Report 

COO-220 

Mar  1960 

Research  in  Radiobiology 

COO-221 

Aug  1960 

Interim  Report  of ’^Sr 

COO-222 

Sep  1960 

Research  in  Radiobiology 

COO-223 

Mar  1961 

Research  in  Radiobiology 

COO-224 

Sep  1961 

Research  in  Radiobiology 

COO-225 

Mar  1962 

Research  in  Radiobiology 

COO-226 

Sep  1962 

Research  in  Radiobiology 

COO-227 

Mar  1963 

Research  in  Radiobiology 

COO-228 

Sep  1963 

Research  in  Radiobiology 

COO- 11 9-229 

Mar  1964 

Research  in  Radiobiology 

COO-1 19-230 

Jul  1964 

(Superseded  by  COO- 119-245) 

COO- 1 19-23 1 

Sep  1964 

Research  in  Radiobiology 

COO- 119-232 

Mar  1965 

Research  in  Radiobiology 

000-119-233 

Sep  1965 

Research  in  Radiobiology 

COO-119-234 

Mar  1966 

Research  in  Radiobiology 

COO- 119-235 

Sep  1966 

Research  in  Radiobiology 

000-119-236 

Mar  1967 

Research  in  Radiobiology 

COO- 119-237 

Mar  1968 

Research  in  Radiobiology 

COO- 119-238 

Aug  1968 

Rb  in  RBC,  Plasma,  and  Urine 
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Report 

No. 


Date 


Title 


COO-119-239 

Dec  1968 

COO- 119-240 

Mar  1969 

COO-119-241 

Mar  1970 

COO-119-242 

Jan  1971 

COO-119-243 

Jan  1971 

COO- 119-244 

Mar  1971 

COO- 11 9-245 

May  1971 

COO-119-246 

Mar  1972 

COO- 119-247 

Oct  1972 

COO- 119-248 

Mar  1973 

COO- 119-249 

Mar  1975 

COO- 119-250 

Mar  1975 

COO- 119-251 

Mar  1976 

COO- 11 9-252 

Mar  1977 

COO- 119-253 

Mar  1978 

COO- 119-254 

Mar  1979 

COO- 119-255 

Jan  1980 

COO-119-256 

Mar  1980 

COO- 119-257 

Mar  1982 

COO-119-258 

Mar  1983 

COO-119-259 

Dec  1984 

COO- 119-261 

Dec  1985 

COO- 119-262 

Dec  1986 

COO- 119-263 

Dec  1987 

COO- 119-264 

Dec  1988 

LMF-121 

Dec  1988 

LMF-128 

Aug  1990 

LMF-130 

Mar  1991 

LMF-135 

Mar  1991 

Cs,  Rb,  and  K  MeUboIism 

Research  in  Radiobiology 

Retention  and  Dosimetry 

Re.searcb  in  Radiobiology 

Osteosarcoma  Growth  Dynamics 

Research  in  Radiobiology 

(Superseded  by  COO-119-255) 

Research  in  Radiobiology 

Rb  and  Cs  MeUboIism 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Radiobiology  Safely  Manual 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  RadkR>iology 

Research  in  Radiobiology 

Research  in  Radiobiology 

Research  in  Radiobiology 

ITRI  Annual  Report 

Annual  Report  on  Lxing-Term  Dose- 
Response  Studies  of  Inhaled  or  Injected 
Radionuclides,  1938-19S9 

Annual  Report  on  Long-Term  Dose- 
Response  Studies  of  Inhaled  or  Injected 
Radionuclides,  1989-1990 

Annual  Report  on  Long-Term  Dose- 
Response  Studies  of  Inhaled  or  Injected 
Radionuclides,  1990-1991  (this  report) 
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APPENDIX  A:  STATUS  OF  LONGEVITY  AND 
SACRIFICE  STUDIES  IN  BEAGLE  DOGS  AT  ITRI 

(9/30/91) 


Data  in  this  appendix  are  preliminary  estimates  through  September  30,  1991,  of  (a)  total  btxly  or  organ 
contents  and  (b)  the  resultant  radiation  dose  received  by  individual  dogs  that  have  been  assigned  to  longevity  or 
sacrifice  studies.  These  estimates  are  provided  as  an  information  source  for  scientists  in  this  laboratoiy  and  others 
who  desire  to  follow  the  progress  of  these  studies.  It  must  be  emphasized  that  the.se  data  are  preliminary  and 
based  on  re.sults  that  may  be  inaccurate  or  incomplete  at  the  time  these  tables  were  prepared.  Although  the  data 
represent  the  best  information  currently  available,  it  must  be  noted  that,  with  time,  certain  values  and  diagnoses 
will  be  modified  and  updated  as  new  and  better  information  becomes  available.  This  information  has  not,  as 
yet,  received  the  overall  vigorous  review  and  analysis  by  the  respective  investigators  that  is  required  before  these 
data  can  be  used  in  subsequent  analy.ses.  Readers  are  cautioned  against  using  the.se  data  for  independent  dose- 
response  modeling  or  other  analytical  efforts  by  other  .scientists  until  the  principal  ITRI  inve.stigators  have  had 
the  opportunity  to  perform  the  necessary  basic  data  reviews  and  analyses  and  publish  reports  on  the.se  studies. 

An  expedited  effort  is  underway  to  complete  these  reviews  and  publications.  When  the  reviews  have 
been  completed  and  the  basic  results  published  in  the  peer-reviewe  J  literature,  the  investigators  will  be  very  interested 
in  exploring  collaborative  efforts  of  mutual  interest  with  other  investigators  to  maximize  the  ways  in  which  these 
valuable  data  are  ultimately  used. 


RADIOACTIVITY  CONTENT 


Initial  body  burden  (IBB)  is  defined  as  the  best  current  estimate  of  the  total  radionuclide  content  within 
the  body  immediately  after  an  inhalation  expi'.sure  or  intravenous  injection. 

Long-term  retained  burden  (LTRB)  is  defined  as  the  best  current  estimate  of  the  amount  of  radionuclide 
remaining  in  the  body  after  early  clearance  of  the  na.sopharyngcal  and  tracheobronchial  regions  via  the  gastrointestinal 
tract.  The  term  is  u.sed  in  these  tables  to  de.scribe  the  type  of  body  burden  resulting  from  inhalation  of  a  radionuclide 
in  a  relatively  soluble  form.  It  is  related  to  the  amount  of  radionuclide  deposited  in  the  entire  respiratory  tract, 
and  not  just  to  the  fiaction  deptisited  in  the  pulmonary  region. 

Initial  lung  burden  (ILB)  is  defined  as  the  long-term  retained  burden  a.s.sociated  with  the  inhalation  of 
relatively  insoluble  particles.  In  this  case,  essentially  ell  of  the  body  burden  remaining  after  early  clearance  of 
the  na.sopharyngeal  and  tracheobronchial  regions  is  in  the  pulmonary  region. 


CLINICOP.ATHOLOGlCAt.  FEATL'RES 


Comments  are  tabulated  for  the  current  interpretation  of  the  most  prominent  clinicopathological  features 
a,s.sociated  with  the  death  of  animals.  It  should  be  recognized  that  many  animals  have  multiple  tumors  or  other 
lesions,  not  all  of  which  can  be  listed  in  a  summary  table.  Diagnoses  are  discussed  in  greater  detail  in  the  text 
of  this  and  preceding  reports,  and  in  open  literature  publications. 


RADIATION  DOSE  CALCL'LaXTIONS 

The  methods  used  in  establishing  the  radiation  dose  parameters  presented  have  been  described  in  the  text 
of  the  report  or  referenced  to  previous  reports.  A  key  consideration  in  these  calculations  is  tissue  weight,  becau.se 
ab.sorbed  dose  is  inversely  proportional  to  tissue  weight.  Tissue  weights  used  tor  the  calculated  dose  values  reported 
in  Appendix  A  have  changed  over  the  years;  it  is  importan:  that  the  reader  be  aware  of  these  changes  and  the 
rationale  behind  them. 

Lunc  Weights  used  in  the  earliest  reported  do-e  calculations  (1966-67  Annual  Report,  LF-38,  pp.  19- 
64  and  1967-68  Annual  Report,  LF-39.  pp.  14-7.5)  were  ba^ed  on  a  (lung  weightl’tbody  weight)  radio  of  0.0075 
determined  frt.un  tissue  weicht,-;  from  exsancumaltd  dogs.  This  ratio  was  changed  to  0.014  in  the  1968-69  Annual 
Report  (LF-41.  pp.  27-23),  based  on  calculations  i  the  estimated  weight  of  lung  with  its  normal  complement 
of  blood  in  the  livini’  doc.  Subsequent  experimental  evidence  reported  in  the  1971-72  ,-\nnual  Report,  (LF-45, 
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pp.  119-12  S)  indicated  that  this  value  was  too  hiijh.  Based  on  these  results,  our  best  estimate  of  the  (lung  weight 
(with  It  od))/(b<:xly  weight)  ratio  is  0,01 1 .  This  value  has  been  used  for  all  dose  calculations  for  dog  lungs  in 
all  annual  report  appendices,  beginning  with  those  in  1972-73  Annual  Report,  LF-46. 

Liver  weights  used  in  early  reports  were  calculated  using  a  (liver  weight)/(body  weight)  ratio  of  0.027, 
which  was  based  on  tissue  weights  from  e.x.sanguinated  dogs.  The  ratio  was  used  for  dose  calculations  in  all  reports 
through  the  1971-72  Annual  Report.  LF-45.  Based  on  experimental  data  presented  on  LF-45,  the  best  estimate 
for  the  (liver  weight  (with  blood))  (body  weight)  ratio  is  0.050.  This  value  has  been  used  for  all  do.se  calculations 
for  dog  liver  K-girming  with  the  1972-73  Annual  Report,  LF-46. 

Skeleton  weights  have  always  been  calculated  on  the  ba.sis  of  a  (skeleton  weight)/(b<5dy  weight)  ratio  of 

0.10. 

Tracheobronchial  lymph  node  weights  are  based  on  a  (tracheobronchial  lymph  node  weight)/{body  weight) 
ratio  of  0.00005. 
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APPENDIX  B:  STATUS  OF  LONGEVITY  AND 
SACRIFICE  STUDIES  IN  BEAGLE  DOGS  FROM 
THE  UNIVERSITY  OF  UTAH 
(9/30/91) 


STATUS  TABLES 


A.l  ®°SrCl2,  Longevity  Study  .  135 

A. 2  ®®SrCl2,  Sacrifice  Study .  137 

A. 3  *‘*^CeCl3,  Longevity  Study .  138 

A. 4  ^’YC13,  Longevity  Study . 140 

A. 5  ®’YC13,  Sacrifice  Study . . .  141 

A.6  *^^CsCl,  Longevity  Study .  142 

A.7  ®®Y  in  Fused  Aluminosilicate  Particles,  Longevity  Study .  144 

A. 8  ®’Y  in  Fused  Aluminosilicate  Particles,  Longevity  Study .  146 

A.9  l^Ce  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (Series  I) .  148 

A.  10  *^‘^Ce  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (Series  II) .  149 

A.  11  ‘«Ce  in  Fused  Aluminosilicate  Particles,  Sacrifice  Study  (Series  II,  III,  IV) .  151 

A.  12  '^Ce  in  Fused  Aluminosilicate  Particles,  Immature  Lc^gevity  Study .  153 

A.  13  in  Fused  Aluminosilicate  Particles,  Immature  Sacrifice  Study  .  154 

A.  14  '“^Ce  in  Fused  Aluminosilicate  Particles,  Aged  Longevity  Study .  155 

A.  15  ’°Sr  in  Fused  Aluminosilicate  Particles,  Longevity  Study  . 156 

A.  16  *‘*^Ce  in  Fused  Aluminosilicate  Particles,  Repeated  Exposure  Study .  159 

A.  17  ^*Pu02  Monodisperse  Aerosol  (1.5  /tm  AM  AD),  Longevity  Study  .  160 

A.  18  ^*Pu02  Monodisperse  Aerosol  (3.0  jim  AMAD),  Longevity  Study  .  162 

A.  19  ^^®Pu02  Monodisperse  Aerosol  (0.75  ^m  AMAD),  Longevity  Study .  164 

A. 20  ^^^Pu02  Monodisperse  Aerosol  (1.5  ^m  AMAD),  Longevity  Study  .  165 

A. 21  ^^®Pu02  Monodisperse  Aerosol  (3.0  fim  AMAD),  Longevity  Study  .  167 

A. 22  ^^Pu02  Monodisperse  Aerosol  (1.5  ^m  AMAD),  Immature  Longevity  Study  .  169 

A. 23  ^^Pu02  Monodisperse  Aerosol  (1.5  /im  AMAD),  Aged  Longevity  Study .  171 

A. 24  ^^Pu02  Monodisperse  Aerosol  (0.75  /tm  AMAD),  Repeated  Exposure  Study  .  172 
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A.1  ®®SrCl2.  Longevity  Study 


BETA  RAOIATIOH  OOSE  TO  SKE 


DOG  1 

IDENTIFICA1 

ION 

INHALATION 

EXP. 

1.3.8. 

L.T.R.B 

DOSE  RATE 

I  (GY/OAY) 

73 

DAY 

DATE 

AGE 

OATS 

WT 

KG 

INITIAL 

730 

DAYS 

POTENT. AT  AT 
5000  DAYS  DEATH 

TATTOO  AM-EXPT 

SEX 

HANK  HBQ/KG 

HBQ 

RANK  UCI/KG  HBQ/KG 

157E 

01-416 

F 

67115 

431 

9.7 

01 

10. 

100. 

01 

120. 

4.4 

.55 

.21 

.070 

.21 

180. 

16A 

02-419 

M 

67124 

387 

9.0 

09 

7.8 

70. 

02 

120. 

4,4 

.54 

.013 

.24 

158E 

02-416 

F 

67115 

429 

10.2 

06 

8.9 

89. 

03 

120. 

4.4 

.54 

.16 

.053 

.15 

140. 

195C 

03-456 

F 

67275 

397 

9.3 

03 

10. 

93. 

04 

110. 

4.1 

.48 

.30 

1958 

02-456 

H 

67275 

397 

10.1 

04 

9.6 

96. 

05 

100. 

3.7 

.48 

.34 

162F 

01-419 

F 

67124 

436 

11.2 

02 

10. 

110. 

06 

100. 

3.7 

.47 

.21 

.037 

.20 

180. 

1588 

03-416 

H 

67115 

429 

9.3 

05 

a.9 

81. 

07 

100, 

3,7 

.47 

.36 

1598 

02-417 

F 

67117 

430 

9.8 

08 

8.1 

78. 

08 

98. 

3.6 

.45 

.29 

1608 

02-418 

H 

67122 

435 

9.5 

07 

8.5 

81. 

09 

97. 

3.6 

.44 

.18 

.062 

.17 

150. 

23C 

01-261 

M 

65229 

408 

9.1 

11 

5.9 

56. 

10 

83. 

3,1 

.37 

.15 

.057 

.14 

130. 

159A 

01-417 

M 

67117 

430 

11.3 

10 

6.7 

74. 

11 

74. 

2.7 

.34 

.25 

160C 

03-417 

F 

67117 

430 

10.4 

12 

5.9 

59. 

12 

69. 

2.6 

.31 

.075 

.032 

.068 

70. 

238 

02-256 

M 

65208 

387 

8.0 

17 

4.1 

33. 

13 

59. 

2.2 

.27 

.081 

.023 

.059 

76. 

26r 

03-263 

F 

65231 

384 

7.8 

15 

4.4 

34. 

14 

52. 

1.9 

.24 

.090 

.037 

.064 

89. 

13A 

02-223 

H 

65123 

381 

8.3 

19 

3.7 

30. 

15 

51. 

1.9 

.23 

.066 

.019 

.054 

64. 

12F 

01-228 

F 

65123 

401 

8.1 

18 

4.1 

34. 

16 

50. 

1.9 

.26 

.086 

.045 

.080 

79. 

162A 

01-418 

M 

67122 

434 

11.9 

13 

4.8 

56. 

17 

50. 

1.9 

.23 

.095 

.023 

.060 

88. 

22E 

02-257 

F 

65209 

396 

6.7 

21 

3.4 

23. 

18 

44. 

1.6 

.20 

.047 

.015 

.024 

47. 

26A 

01-262 

M 

65230 

383 

7.8 

14 

4.4 

35. 

19 

41. 

1.5 

.19 

.064 

.024 

.053 

64. 

198 

01-252 

H 

65201 

404 

6.4 

23 

3.1 

20. 

20 

40. 

1.5 

.18 

.038 

.013 

.021 

39. 

22F 

01-256 

F 

65208 

395 

8.3 

16 

4.4 

37. 

21 

34. 

1.3 

.16 

.062 

.026 

.051 

59. 

19C 

02-252 

F 

65201 

404 

7.8 

22 

3.2 

25. 

22 

28. 

1.0 

.13 

.033 

.014 

.019 

33. 

22A 

02-253 

H 

65202 

389 

10.5 

20 

3.6 

37. 

23 

28. 

1.0 

.12 

.061 

.015 

,035 

61. 

190 

01-253 

F 

65202 

405 

8.7 

24 

2.6 

23. 

24 

27. 

1.0 

.12 

.034 

.013 

,021 

35. 

40E 

03-283 

F 

65301 

383 

6.3 

28 

1.0 

6.3 

25 

9.6 

0.36 

.044 

.015 

.0061 

.0068 

IS. 

28C 

02-271 

M 

65256 

406 

7.6 

26 

1.1 

8.5 

26 

9.3 

0.34 

.043 

.014 

.0056 

.0084 

15. 

39C 

02-283 

F 

65301 

385 

8.7 

29 

1.0 

8.5 

27 

9.1 

0.34 

.042 

.042 

.0035 

.0035 

11. 

38E 

01-283 

F 

65301 

391 

6.5 

27 

1.1 

7.0 

28 

8.9 

0.33 

.040 

.0081 

.0025 

.0025 

8.1 

30C 

02-272 

M 

65257 

395 

8.5 

32 

0.70 

5.9 

29 

8.3 

0.31 

.037 

.011 

.0033 

.0040 

12. 

308 

01-272 

M 

65257 

395 

8.2 

35 

0.63 

5.2 

30 

7.9 

0.29 

.036 

.0090 

.0030 

.0032 

9.1 

&20 

01-284 

F 

65302 

377 

7.8 

30 

0.93 

7.0 

31 

7.7 

0.28 

.036 

.011 

.0030 

.0030 

11. 

238 

01-271 

H 

65256 

406 

7.2 

25 

1.2 

8.5 

32 

7.1 

0.26 

.032 

.010 

.0030 

.0050 

11. 

220 

01-257 

H 

65209 

396 

9.1 

36 

0.59 

5.2 

33 

6.8 

0.25 

.031 

.0088 

.0031 

.0031 

9,: 

300 

03-272 

N 

65257 

395 

8.9 

31 

0.85 

7.4 

34 

6.6 

0.24 

.030 

.0091 

.0028 

.0039 

9.: 

42E 

02-284 

F 

65302 

377 

8.7 

^3 

0.70 

6.3 

35 

6.1 

0.23 

.028 

.0083 

.0028 

.0033 

8.: 

42F 

03-284 

F 

65302 

377 

7.3 

34 

0.63 

4.8 

36 

5.7 

0.21 

.026 

.0059 

.0019 

.0020 

6.1 

288 

01-266 

M 

65238 

391 

9.0 

37 

0.24 

2.2 

37 

3.2 

0.12 

.015 

.0041 

.00077 

.00090 

4.’ 

35E 

02-277 

F 

65271 

380 

7.5 

38 

0.23 

1.5 

38 

2.3 

0.085 

.010 

.0033 

.0016 

.0017 

3.: 

30G 

01-277 

F 

65271 

409 

7.0 

39 

0.17 

1.2 

39 

2.2 

0.081 

.010 

.0037 

.0012 

.0013 

3.1 

270 

02-267 

F 

65239 

390 

10.6 

41 

0.15 

1.6 

40 

2.2 

0.081 

.0098 

.0019 

.00035 

.00039 

1.5 

27A 

03-266 

M 

65233 

389 

9.1 

43 

0.15 

1.3 

41 

1.9 

0.070 

.0087 

.0018 

.00047 

.00070 

1.1 

26G 

02-266 

F 

65238 

391 

7.0 

46 

0.12 

0.81 

42 

1.9 

0.070 

.0036 

.0019 

.00035 

.00040 

1.1 

23E 

01-265 

H 

65237 

416 

7.3 

45 

0.12 

0.93 

43 

1.7 

0.063 

.0079 

.0029 

.00057 

.0016 

2.: 

248 

03-265 

M 

65237 

393 

8.2 

42 

0.15 

1.2 

44 

1.6 

0.059 

.0055 

.0024 

.00074 

.00074 

2.: 

37F 

01-282 

F 

65300 

4C0 

8.1 

44 

0.12 

1,0 

45 

1.1 

0.041 

.0043 

.0019 

.00058 

.00070 

1.5 

24A 

02-265 

H 

65237 

398 

8.0 

40 

0.16 

1.3 

46 

1.0 

0.037 

-.0047 

.0017 

.00038 

1.1 

30E 

01-276 

« 

65270 

408 

8.1 

47 

0.10 

0.81 

47 

1.0 

0.037 

.0046 

.0017 

.00033 

.00035 

l.i 

30F 

02-276 

F 

65270 

403 

10.4 

48 

0.10 

1.0 

48 

0.97 

0.036 

.0043 

.0013 

.00031 

.00036 

l.t 

BETA  RADIATION  DOSE  TO  SKELETON 


DOSE  RATE  <GY/OAY) 


CUMULATIVE  (GY) 


DAYS 


INITIAL 

730 

DAYS 

POTENT. AT 
5000  DAYS 

AT 

DEATH 

730 

DAYS 

POTENT. TO 
5000  DAYS 

TO 

DEATH 

DEATH 

DATE 

TO 

DEATH 

COMMENT 

.55 

.21 

.070 

.21 

180. 

730.  ♦ 

190. 

69143 

759 

E-fI8R0SARC0MA, PELVIS 

.54 

.013 

.24 

520.  ♦ 

170. 

68344 

585 

0-EPILEPTIC  SEIZURES 

.54 

.16 

.053 

.15 

140. 

550.  ♦ 

170. 

69311 

927 

e-h£mangiosarcoma,site  undetermined 

.48 

.30 

8.1 

67296 

21 

D-HEHATOLOGIUL  DYSCRASIA 

.48 

.34 

11. 

67303 

28 

D-HEMATOLOCICAL  DYSCRASIA 

.47 

.21 

.037 

.20 

180. 

610.  ♦ 

220. 

69279 

886 

E-OSTEOSARCOMA, ILIUM 

.47 

.36 

13. 

67146 

31 

E-HEHATOLOGICAL  DYSCRASIA 

.45 

.29 

6.6 

67135 

18 

E-HEMATOLCGICAL  DYSCRASIA 

.44 

.18 

.062 

.17 

150. 

620.  ♦ 

170. 

69255 

864 

E-FIBROSARC.,RI8S;HEMANGIOSARC., SCAPULA, RIB 

.37 

.15 

.057 

.14 

130. 

540.  ♦ 

ISO. 

68233 

1099 

E-OSTEOSARCOMA, RIB 

.34 

.25 

8.5 

67146 

29 

D-HEMATOLOCICAL  DYSCRASIA 

.31 

.075 

.032 

.068 

70. 

280.  ♦ 

99. 

70163 

1142 

E-HEHANGIOSARCCMA,  HUMERUS 

.27 

.081 

.023 

.059 

76. 

270.  + 

150. 

70169 

1737 

E-OSTEOSARCOMA, HUMERUS 

.24 

.090 

.037 

.064 

89. 

330.  ♦ 

180. 

70343 

1933 

E-OST-SARC., VERT. ;HEM-SARC., RIB  AND  HAND. 

.23 

.066 

.019 

.054 

64. 

220.  ♦ 

100. 

69023 

1361 

D-CEREBELUR  HEMORRHAGE 

.26 

.086 

.045 

.080 

79. 

350.  ♦ 

100. 

68074 

1046 

E  -  HEMANGI  OSAfiCOMA ,  I L 1 UM 

.23 

.095 

.023 

.060 

88. 

320.  ♦ 

170. 

71363 

1702 

E-OSTEOSARCOMA,MAXILLA 

.20 

.047 

.015 

.024 

47. 

160.  ♦ 

130. 

74044 

3122 

E-OSTEOSARCOMA, VERTEBRAE 

.19 

.064 

.024 

.053 

64. 

230.  ♦ 

100. 

69173 

1404 

D-OSTEOSARCONA,  SACRUM 

.18 

.038 

.013 

.021 

39. 

140.  ♦ 

100. 

73243 

2964 

o-osteosarcoma,maxilla 

.16 

.062 

.026 

.051 

59. 

230.  ♦ 

100. 

69287 

1540 

E-OSTEOSARCCMA, MAXILLA 

.13 

.033 

.014 

.019 

33. 

120.  ♦ 

95. 

74151 

3237 

D-OSTEOSARCOMA,MANOIBLE 

.12 

.061 

.015 

.035 

61. 

200.  ♦ 

130. 

71258 

2247 

e-hemanciosarcoma,rib 

.12 

.034 

.013 

.021 

35. 

120.  ♦ 

85. 

72279 

2633 

£ -OSTEOSARCOMA, SKULL 

.044 

.015 

.0061 

.0068 

15. 

56.  ♦ 

49. 

76273 

3994 

E-HEPATITIS 

.043 

.014 

.0056 

.0084 

15. 

51.  ♦ 

33. 

72136 

2436 

D-MYELOMCNOCTTIC  LEUKEMIA 

.042 

.042 

.0035 

.0033 

11. 

37. 

37. 

80084 

5261 

E-MESOTHELICMA,  PLEURA 

.040 

.0081 

.0025 

.0025 

8.4 

28. 

28. 

81135 

5678 

E-OSTEOARTHRITIS 

.037 

.011 

.0033 

.0040 

12. 

39,  ♦ 

38. 

77327 

4453 

E-LYMPHOSARCOMA 

.036 

.0090 

.0030 

.0032 

9.5 

32. 

32. 

78304 

4795 

o-aoenocarcinoma,lumg 

.036 

.011 

.0030 

.0030 

11. 

37, 

37. 

80263 

5439 

e-mephrosclerosis 

.032 

.010 

.0030 

.0050 

11. 

35.  ♦ 

28. 

74046 

3077 

E-MYXOSARCCMA, MAXILLA 

.031 

.0088 

.0031 

.0031 

9.3 

31. 

31. 

80171 

5440 

D-CONGESTiVE  HEART  FAILURE 

.030 

.0091 

.0028 

.0039 

9.3 

32.  ♦ 

29. 

76114 

3374 

E-HEMANGIOSARCCMA,  HEART 

.028 

.0083 

.0023 

.0033 

8.3 

30.  ♦ 

27. 

76211 

3926 

O-MALABSORPTICN  SYNDROME 

.026 

.0059 

.0019 

.0020 

6.7 

21. 

21. 

79253 

5064 

D-HEPATIC  DEGEHERATICN 

.015 

.0041 

.00077 

.00090 

4.1 

13. 

13. 

79095 

4970 

E- TRANSITIONAL  CELL  CARCINOMA, BLADDER 

.010 

.0033 

.0016 

.0017 

'  3.5 

13.  ♦ 

12. 

78107 

4584 

D-CCNGESTIVE  HEART  FAILURE 

.010 

.0037 

.0012 

.0013 

3.8 

13. 

13. 

79085 

4927 

E -ADENOCARCINOMA,  NASAL  CAVITY 

.0098 

.0019 

.00035 

.00039 

1.9 

5.7+ 

5.6 

78235 

4744 

E-EPENOYMOMA, BRAIN 

.0087 

.0018 

.00047 

.00070 

1.8 

6.0+ 

5.3 

75248 

3662 

E-PERITCNITIS 

.0086 

.0019 

.00035 

.00040 

1.8 

5.8 

5.8 

79204 

5079 

E-ADENOCARCINOMA,  MAMMARY  GLAND 

.0079 

.0029 

.00057 

.0016 

2.7 

8.9+ 

6.1 

71293 

2247 

d-accicehtal  death 

.0055 

.0024 

.00074 

.00074 

2.2 

8.3 

8.3 

80255 

5496 

E -NEPHROSCLEROSIS 

.0043 

.0019 

.00058 

.00070 

1.9 

6.6+ 

6.0 

77034 

4117 

E- BRONCHIOLOALVEOLAR  CARCINOMA 

.0047 

.0017 

.00038 

1.7 

5.4 

5.4 

81341 

5948 

E-HEPHROSCLEROSIS 

.0046 

.0017 

.00033 

.00035 

1.8 

5.3+ 

4.3 

74016 

3033 

o-iransiticnal  cell  CARCINCMA.BLAOOER 

.0043 

.0013 

.00031 

.00036 

1.4 

4.3+ 

4,2 

78223 

4706 

E-ADENOCARCIMOMA, MAMMARY  OLAND 
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A-1  ®^SrCl2,  Longevity  Study  (continued) 


INHALATION  EXP. 
OOG  IDENTIFICATION  . 


TATTOO  AN-EXPT 

SEX 

DATE 

AGE 

DAYS 

WT 

KG 

RANK 

19A 

01-254 

H 

65203 

406 

8.7 

C 

21C 

02-254 

F 

65203 

398 

8.5 

C 

2<;e 

01-264 

F 

65232 

303 

8.6 

C 

26E 

02-264 

F 

65232 

385 

6.9 

C 

28A 

01-273 

H 

65258 

408 

9.1 

C 

30A 

03-273 

H 

65258 

396 

9.5 

C 

31A 

01-278 

K 

65272 

400 

9.1 

C 

32A 

02-278 

H 

65272 

394 

8.9 

C 

333 

03-278 

M 

65272 

388 

8.9 

C 

35F 

01-285 

r 

65305 

414 

8.1 

C 

AGO 

02-285 

F 

65305 

387 

9.4 

C 

42C 

03-285 

F 

65305 

380 

10,3 

C 

158A 

01-420 

H 

67115 

438 

10.2 

c 

160  A 

02-420 

M 

67117 

437 

9.9 

c 

162E 

C3-420 

F 

67122 

436 

*« 

10.2 

c 

I.B.B.  L.T.R.B. 


MBQ/KG  HBQ  RANK  UCI/KG  HBQ/KG 


C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


BETA  RADIATION  DOSE  TO  SXELE 

DOSE  RATE  (GY/DAY)  CU 

730  POTENT. AT  AT  730 

INITIAL  DAYS  5000  DAYS  DEATH  DAYS 


UCI/KG  REPRESENTS  HICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

MBO/KG  REPRESENTS  HEGASEQUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  uOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCH 


BETA  radiation  DOSE  TO  SKELETON 


DOSE  RATE  <GY/DAY) 


730  POTENT. AT  AT 

L  DAYS  5000  DAYS  DEATH 


73021  2740  0-SEPTICEHIA 

78057  4602  0-CCNGESTIVE  HEART  FAILURE 

77357  4508  E-CARCINOKA, THYROID 

80157  5403  D-ASPIRATICN  PNEUMONIA 

80285  5505  0-CCNGESTIVE  HEART  FAILURE 

75045  3439  E-EPIOERMAL  CYST, SKULL 

74008  3023  D-ART£RIOSCLEROSIS;HYPOTHYROIDISH 

77125  4236  E-LYHPHOSARCCMA 

79262  5103  O-LYHPHOSARCOHA 

74030  3012  0-ACCICENTAL  DEATH 

75307  3654  D-AOENOCARCINOMA, MAMMARY  GLANO 

79328  5136  D-nEPHROSCLEROSIS 

81009  5003  E-SCUAMOUS  CELL  CARCINOMA, TONSIL 

82120  5482  E-SauAMOUS  CELL  CARCINOMA, TONSIL 

80141  4767  E-PITUITARY  ADENOMA-CUSHING'S  DISEASE 


CUHJLAIIVE  (GY) 

.  DAYS 

730  POTENT. TO  TO  DEATH  TO 

DAYS  5000  DAYS  DEATH  DATE  DEATH  COMMENT 


AT  I  ON  EXPOSURE. 

IVELY.  PROMINENT  FINDINGS  ARE  INCLUDED 


^SrCl2,  Sacrifice  Study 


BETA  RADIATION  DOSE  TO  SKELETON 


DOG 

IDENTIFICATION 

INHALATION 

EXP. 

I.S.8. 

L.T.R.B, 

DOSE  RATE  < GY/DAY) 

CUHULATIVI 

DATE 

AGE 

DAYS 

UT 

KG 

INITIAL 

730 

DAYS 

POTENT. AT 
5000  DAYS 

AT 

DEATH 

730  POTENT. 1 
DAYS  5000  OAl 

TATTOO  AN-EXPT 

SEX 

RANK  HBO/KG  MSQ 

RANK  UCI/KG  H3Q/KG 

78 

01-212 

H 

65081 

407 

7.6 

03 

4.8 

37 

01 

67 

2.5 

.29 

.14 

.030 

.13 

120 

430+ 

40 

02-183 

H 

64325 

405 

7.4 

02 

4.8 

36 

02 

65 

2.4 

.30 

.23 

10A 

02-215 

H 

65034 

394 

10.0 

08 

3.7 

37 

03 

55 

2.0 

.22 

.10 

.022 

.086 

90 

310+ 

8A 

02-212 

H 

65081 

402 

7.9 

01 

5.5 

44 

04 

51 

1.9 

.23 

.10 

.029 

.084 

90 

340+ 

90 

01-215 

F 

65084 

398 

8.9 

04 

4.8 

44 

05 

47 

1.7 

.20 

.095 

.026 

.080 

84 

310+ 

118 

02-216 

F 

65085 

389 

9.7 

09 

3.4 

33 

06 

47 

1.7 

.25 

.17 

28 

01-183 

M 

64325 

411 

7.8 

06 

4.4 

33 

07 

46 

1.7 

.21 

.00001 

.063 

72+ 

108 

01-216 

F 

65085 

395 

7.9 

10 

3.2 

26 

08 

44 

1.6 

.20 

.071 

.017 

.046 

63 

220+ 

98 

01-214 

M 

65083 

397 

9.6 

17 

2.6 

26 

09 

39 

1.4 

.18 

.050 

.0087 

.038 

48 

150+ 

9C 

02-214 

F 

65083 

397 

10.1 

15 

3.0 

30 

10 

37 

1.4 

.17 

.071 

.010 

.054 

67 

200+ 

12E 

02-230 

F 

65125 

403 

8.4 

18 

2.6 

21 

11 

36 

1.3 

.16 

.060 

.020 

.039 

56 

210+ 

68 

01-207 

M 

65054 

414 

7.6 

20 

2.3 

17 

12 

36 

1.3 

.13 

.044 

.019 

.021 

44 

160+ 

5A 

02-184 

M 

64328 

391 

9.2 

07 

4.1 

37 

13 

35 

1.3 

.16 

.00029 

.072 

96+ 

88 

01-213 

H 

65082 

403 

8.5 

16 

2.9 

25 

14 

34 

1.3 

.16 

.051 

.017 

.034 

46 

180+ 

40 

01-184 

H 

64328 

408 

9.2 

11 

3.1 

29 

15 

31 

1.1 

.14 

.11 

128 

01-229 

F 

65124 

402 

11.0 

21 

2.2 

24 

16 

30 

1.1 

.13 

.041 

.012 

.022 

39 

140+ 

60 

03-207 

F 

65054 

414 

7.4 

13 

3.0 

22 

17 

29 

1.1 

.14 

.043 

.014 

.024 

43 

150+ 

120 

01-230 

F 

65125 

403 

7.6 

14 

3.0 

23 

18 

28 

1.0 

.13 

.0034 

.054 

120+ 

6C 

02-207 

F 

65054 

414 

8.2 

19 

2.4 

20 

19 

24 

0.89 

.11 

.040 

.012 

.017 

38 

130+ 

9A 

02-213 

H 

65082 

396 

10.7 

22 

1.8 

19 

20 

20 

0.74 

.093 

.037 

.014 

.019 

35 

130+ 

48 

01-185 

M 

64329 

409 

8.8 

23 

1.7 

15 

21 

16 

0.59 

.071 

.029 

.015 

.019 

28 

110+ 

12C 

02-229 

F 

65124 

402 

9.6 

24 

1.6 

16 

22 

15 

0,55 

.068 

,023 

.0085 

.0099 

22 

80+ 

2A 

02-182 

M 

64324 

410 

6,8 

05 

4.4 

30 

23 

.33 

.27 

4A 

01-182 

H 

64324 

404 

9.6 

12 

3.4 

33 

24 

,13 

5C 

03-182 

F 

64324 

387 

5.7 

C 

C 

20 

03-184 

F 

64328 

414 

9.9 

c 

C 

4E 

03-183 

F 

64328 

405 

7.8 

c 

C 

6A 

04-207 

M 

65054 

414 

10,0 

c 

C 

9£ 

01-217 

F 

65083 

399 

8.2 

c 

c 

IOC 

02-217 

F 

65085 

393 

8.9 

c 

c 

12A 

01-231 

H 

65124 

403 

10.3 

c 

C 

138 

02-231 

M 

65124 

383 

9.6 

c 

c 

13C 

03-231 

M 

65124 

383 

8.7 

c 

c 

130 

04-231 

F 

65124 

383 

6.5 

c 

c 

UCI/KG  REPRESENTS  HICROOJRIES  OF  RADIONUCLIDE  PER  KIlOGRAfI  OF  TOTAL  8XY  WEIGHT. 

MBQ/KG  REPRESENTS  MEGASEOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

>  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


BETA  RAOIATIOH  DOSE  TO  SKELETON 


DOSE  RATE  (GY/OAY) 

CUWJLATIVE 

(GY) 

OATS 

730 

POTENT. AT 

AT 

730 

POTENT. TO 

TO 

DEATH 

TO 

.  DAYS 

5000  DAYS 

DEATH 

DAYS 

5000  DAYS 

DEATH 

DATE 

DEATH 

COMMENT 

M 

o 

O 

.13 

120 

430+ 

150. 

67279 

928 

E  ■  HEHANG I  OSAR  COMA ,  SCAPULA 

.23 

7.3 

64353 

28 

S- 

.10 

.022 

.086 

90 

310+ 

130. 

68157 

1163 

E-HEMANGIOSARCOHA,  SCAPULA 

.10 

.029 

.084 

90 

340+ 

150. 

68348 

1362 

E-OSTEOSARCOMA,  VERTEBRA, SCAPULA 

.095 

.026 

.080 

84 

310+ 

130. 

68305 

1316 

E - HEHANG I  OSAR  COMA , T  HORAX;  HUMERUS 

.17 

6.0 

65116 

31 

E- HEMATOLOGIC  OYSCRASIA 

.00001 

.063 

72+ 

39. 

65340 

381 

s- 

.071 

.017 

.046 

63 

220+ 

140. 

70293 

2034 

O-OSTEOSARC., SCAPULA  A  RIB;HEHAMGIOSARC. ,RIB 

.050 

.0087 

.038 

48 

150+ 

76. 

68355 

1367 

E- fibrosarcoma, SKULL 

.071 

.010 

.054 

67 

200+ 

100. 

68306 

1318 

E-OSIEOSARC.,TI8IA;HEHANCIOSARC.,SnE  UNO. 

.060 

.020 

.039 

56 

210+ 

140. 

71314 

2380 

E -OSTEOSARCOMA , R 18 , I L lUM 

.044 

.019 

.021 

44 

160+ 

130. 

75140 

3738 

E-SCUAMOUS  CELL  CARCINOMA,  NASAL  CAVITY 

.00029 

.072 

96+ 

36. 

65341 

379 

s- 

.051 

.017 

.034 

46 

180+ 

110. 

71155 

2264 

E-OSTEOSARCOMA, TIBIA 

.11 

3.5 

64357 

29 

s- 

.041 

.012 

.022 

39 

140+ 

100. 

72336 

2768 

E-OSIEOSARCCMA, ILIUM 

.043 

.014 

.024 

43 

150+ 

110. 

72280 

2782 

E -OSTEOSARCOMA , HAND  I BLE 

.0034 

.054 

120+ 

40. 

66345 

585 

d-myelcmonocttic  leukemia 

.umO 

.012 

.017 

38 

130+ 

110. 

74239 

3472 

E -OSTEOSARCOMA, mandible 

.037 

.014 

.019 

35 

130+ 

99. 

74028 

3233 

E-OSTEOSARCCMA, mandible 

.029 

.015 

.019 

23 

110+ 

71. 

72035 

2628 

O-BASOSQUAMOUS  CARCINOMA, TEMPORAL  REGION 

.023 

.0085 

.0099 

22 

80+ 

72. 

76329 

4222 

E-SQUAMOOS  CELL  CARCINOMA,  SINUS  CAVITY 

.27 

1.5 

64329 

5 

S- 

.13 

0.77 

64329 

5 

s- 

64330 

6 

s- 

65342 

380 

s- 

64352 

24 

s- 

78044 

4na 

E-CARClNOMA, THYROID 

72165 

2638 

E-FIBROSARCCMA, THORACIC  WALL 

75103 

3670 

D - AOENCCA  R  C I NCMA , LUNG 

78162 

4786 

O-CONGESTIVE  HEART  FAILURE;  NEPHROSCLEROSIS 

72183 

2615 

O-AUTOIMMUNE  HEMOLYTIC  ANEMIA 

74147 

3310 

0-RENAL  AMYLOIDOSIS 

79068 

5057 

E-ADENOCARCINOMA, MAMMARY  GLAND 

L AT  ION 

EXPOSURE. 

;tively. 

,  PROMINENT 

FINDINGS 

I  ARE 

INCLUDED. 

A3  *'*^CeCl3,  Longevity  Study 


BETA  RAO  I AT  It 


INTIFICATIOM 

INHALATIOH 

EXP. 

I.B.B. 

L.T.R. 

,B. 

LUNG 

CUMULATIVE 

(GY) 

CUHUt 

DATE 

AGE 

OATS 

UT 

KG 

365 

OATS 

730 

DAYS 

TO 

DEATH 

TATTOO  AN-EXPT 

SEX 

HBO/KG 

RANK 

UCI/KG 

UCI 

HBQ/KG 

HBQ 

DAYS 

152C 

02-407 

F 

67094 

428 

8.3 

27. 

01 

360. 

2900 

13. 

no. 

210. 

TSiB 

03-408 

H 

67096 

418 

8.6 

19. 

02 

320. 

2800 

12. 

100. 

74. 

151B 

01-407 

H 

67094 

431 

9.8 

17. 

03 

270. 

2700 

10. 

100. 

76. 

1560 

01-408 

F 

67096 

418 

10.0 

16. 

04 

210. 

2100 

7.8 

78. 

48. 

198E 

01-457 

F 

67278 

392 

8.7 

15. 

05 

210. 

1800 

7.8 

67. 

170. 

170. 

280. 

151C 

03-407 

F 

67094 

431 

10.0 

14. 

06 

190. 

1900 

7.0 

70. 

52. 

1970 

02-458 

F 

67279 

393 

9.0 

13. 

07 

190. 

1700 

7.0 

63. 

52. 

199A 

02-462 

K 

67285 

397 

8.5 

13. 

08 

190. 

1600 

7.0 

59. 

64, 

201 G 

02-463 

F 

67290 

385 

8.3 

11. 

09 

170. 

1400 

6.3 

52. 

44. 

153A 

02-408 

H 

67096 

430 

10.3 

10. 

10 

150. 

1500 

5.5 

56. 

86. 

195  A 

01-458 

H 

67279 

401 

10.0 

8.9 

11 

150. 

1500 

5.5 

56. 

120. 

198  A 

01-462 

K 

67285 

399 

8.5 

11. 

12 

140. 

1200 

5.2 

44. 

110. 

120. 

120. 

180. 

203F 

03-463 

F 

67290 

377 

6.3 

13. 

13 

140. 

870 

5.2 

32. 

42. 

197C 

03-462 

M 

67285 

399 

8.3 

9.6 

14 

130. 

1100 

4.8 

41. 

98. 

200A 

02-460 

H 

67283 

390 

10.2 

7.0 

15 

120. 

1300 

4.4 

48. 

95. 

100. 

160. 

199E 

01-460 

F 

67283 

395 

7.5 

12. 

16 

110. 

810 

4.1 

30. 

87. 

97. 

99. 

150. 

62f 

02-322 

F 

66082 

388 

9.6 

7.4 

17 

100. 

960 

3.7 

36. 

79. 

88, 

88. 

130. 

201C 

03-460 

M 

67283 

378 

8.8 

10. 

IS 

94. 

830 

3.5 

31. 

74, 

83. 

85. 

120. 

64A 

01-326 

H 

66096 

391 

9.0 

8.1 

19 

74. 

660 

2.7 

24. 

58. 

65. 

67, 

98. 

60B 

01-320 

F 

66075 

402 

8.6 

4.8 

20 

69. 

590 

2.6 

22. 

55. 

61. 

62. 

91. 

200E 

01-463 

F 

67290 

397 

8.3 

9.3 

21 

68. 

560 

2.5 

21. 

54, 

60. 

61. 

90. 

62E 

01-322 

M 

66082 

388 

8.1 

4.8 

22 

67. 

540 

2.5 

20. 

53. 

59. 

60. 

88. 

6AC 

03-323 

F 

66084 

379 

9.3 

5.2 

23 

55. 

520 

2.0 

19. 

43. 

48. 

50. 

73. 

62B 

02-321 

H 

66080 

386 

9.9 

4.1 

24 

51. 

500 

1.9 

19. 

40. 

45. 

46. 

67. 

63C 

02-323 

F 

66084 

383 

6.3 

6.3 

25 

44. 

300 

1.6 

11. 

35. 

39. 

39. 

.  58. 

66B 

03-326 

H 

66096 

385 

3.8 

4.4 

26 

43. 

380 

1.6 

14. 

34. 

39. 

39. 

57. 

658 

02-326 

H 

66096 

336 

10.9 

4.1 

27 

39. 

430 

1.4 

16. 

31. 

34, 

35. 

51. 

61B 

01-321 

H 

66080 

397 

9.5 

2.5 

28 

31. 

300 

1.1 

11. 

24. 

27. 

28. 

41, 

60C 

02-320 

F 

66075 

402 

10.2 

4.8 

29 

28. 

280 

1.0 

10. 

22. 

25. 

25. 

37. 

63B 

01-323 

H 

66084 

383 

8.1 

4.8 

30 

26. 

210 

0.96 

7.8 

21. 

23. 

23. 

34. 

5AA 

01-305 

H 

66027 

407 

10.2 

1.6 

31 

25. 

250 

0.93 

9.3 

20. 

22. 

23. 

33. 

5AB 

02-305 

F 

66027 

407 

11.6 

1.6 

32 

24. 

280 

0.89 

10. 

19. 

21. 

22. 

32. 

520 

01-302 

F 

66025 

410 

7.7 

1.6 

33 

21. 

170 

0.78 

6.3 

17. 

18. 

19. 

28. 

550 

02-306 

F 

66028 

407 

8.7 

1.7 

34 

17. 

150 

0.63 

5.5 

13, 

15. 

15. 

22. 

600 

03-320 

F 

66075 

402 

8.8 

5.5 

35 

16. 

140 

0.59 

5.2 

13. 

14. 

14, 

21. 

57A 

02-308 

H 

66034 

392 

8.2 

1.3 

36 

15. 

130 

0.55 

4.8 

12. 

13. 

14. 

20. 

53B 

02-301 

F 

66024 

404 

11.0 

1.6 

37 

14. 

150 

0.52 

5.5 

11. 

12. 

13. 

18. 

53C 

02-302 

F 

66025 

405 

9.0 

1.6 

38 

14. 

130 

0.52 

4.8 

11. 

12. 

13. 

19. 

568 

01-308 

H 

66034 

402 

10.9 

1.3 

39 

14. 

150 

0.52 

5.5 

11. 

12. 

13. 

19. 

52C 

01-301 

F 

66024 

409 

9.0 

1.6 

40 

13. 

120 

0.48 

4.4 

10. 

11. 

12. 

17. 

5SA 

01-306 

H 

66028 

407 

10.8 

1.2 

41 

12. 

130 

0.44 

4.8 

9.5 

11. 

11. 

16. 

57C 

02-309 

H 

66035 

393 

8.2 

0.89 

42 

12. 

95 

0.44 

3.5 

9.5 

11. 

11. 

16. 

51B 

01-299 

M 

66021 

408 

8.4 

0.52 

43 

8.1 

68 

0.30 

2.5 

6.4 

7.1 

7.3 

11. 

57B 

01-309 

M 

66035 

393 

9.3 

1.1 

44 

6.9 

64 

0.26 

2.4 

5.5 

6.1 

6.2 

9.1 

50E 

03-297 

F 

66018 

411 

8.1 

0.44 

45 

6.3 

51 

0.23 

1.9 

5.0 

5.5 

5.7 

8.3 

50A 

01-297 

H 

66018 

411 

8.0 

0.48 

46 

6.2 

50 

0.23 

1.9 

4.9 

5.5 

5.6 

8.2 

49A 

01-294 

M 

66013 

407 

9.9 

0.41 

47 

5.5 

55 

0.20 

2.0 

4.3 

4.8 

5.0 

7.3 

52B 

02-299 

M 

66021 

406 

10.9 

0.37 

48 

5.2 

56 

0.19 

2.1 

4.1 

4.6 

4.7 

6.9 

493 

02-294 

H 

66013 

407 

8.8 

0.48 

49 

4.9 

43 

0.18 

1.6 

3.9 

4.3 

4.4 

6.5 

BETA  RADIATION  DOSE  TO  TISSUE 


LUNG 

CUMULATIVE 

CGY) 

LIVER 

CUMULATIVE 

<GY) 

SKELETON 
CUMULATIVE  (GY) 

DEATH 

DATE 

DAYS 

TO 

DEATH 

65 

AYS 

730 

DAYS 

TO 

DEATH 

365 

DAYS 

730 

DAYS 

TO 

DEATH 

365 

DAYS 

730 

DAYS 

TO 

DEATH 

I 

210. 

240. 

70. 

67238 

144 

i 

74. 

32. 

9.6 

67117 

21 

i 

75. 

41. 

12. 

67125 

31 

48. 

21. 

6.1 

67118 

22 

i 

0. 

170. 

280. 

280. 

82. 

84. 

68288 

375 

1 

52. 

30. 

8.6 

67125 

31 

% 

52. 

30. 

8.6 

67311 

32 

64. 

44. 

13. 

67329 

u 

P 

44. 

22. 

6.5 

67317 

27 

P 

86. 

96. 

29. 

67234 

133 

p 

120. 

190. 

56. 

68250 

336 

m 

0. 

120. 

120. 

180. 

260. 

270. 

55. 

78. 

81. 

69353 

799 

42. 

25. 

7.4 

67326 

36 

98. 

160. 

46. 

63229 

309 

100. 

160. 

190. 

49. 

58. 

69062 

510 

7. 

97. 

99. 

150. 

200. 

240. 

43. 

62. 

74. 

72265 

1808 

h 

9. 

88. 

88. 

130. 

190. 

2C0. 

39. 

56. 

60. 

63226 

874 

•4  • 

83. 

85. 

120. 

170. 

210. 

37. 

53. 

63. 

72216 

1759 

3. 

65  • 

67. 

98. 

140. 

160. 

29. 

41. 

50. 

72069 

2164 

3. 

61. 

62. 

91. 

130. 

150. 

27. 

39. 

46. 

70246 

1632 

is 

60. 

61. 

90. 

130. 

150. 

27. 

38. 

46. 

72247 

1783 

m 

3. 

59. 

60. 

88. 

120. 

150. 

26. 

38. 

45. 

70356 

1735 

m 

3. 

48. 

50. 

73. 

100. 

120. 

21. 

31. 

37. 

71064 

1806 

J. 

45. 

46. 

67. 

94. 

110. 

20. 

29. 

34. 

72356 

2467 

3. 

39. 

39. 

58. 

81. 

97. 

17, 

29. 

29. 

78041 

4340 

4. 

39. 

39. 

57. 

80. 

95. 

17. 

29. 

29. 

73312 

2773 

1. 

34. 

35. 

51. 

72. 

86. 

15. 

22. 

26. 

73151 

2612 

4 

27. 

28. 

41. 

57. 

68. 

12. 

21. 

21. 

75287 

3494 

25. 

25. 

37. 

52. 

62. 

11. 

19. 

19. 

75093 

3305 

I 

1. 

23. 

23. 

34. 

48. 

57. 

10. 

17. 

17. 

78326 

4625 

¥ 

3. 

22. 

23. 

33. 

46. 

55. 

9.8 

17. 

17. 

78354 

4710 

1 

}. 

21. 

22. 

32. 

44. 

53. 

9.4 

16. 

16. 

76351 

3976 

18. 

19. 

28. 

39. 

46. 

8.2 

14. 

14. 

80051 

5139 

1 

15. 

15. 

22. 

31. 

37. 

6.6 

11. 

11. 

77062 

4052 

j 

14. 

14. 

21. 

30. 

35. 

6.2 

11. 

11. 

77251 

4194 

p 

13. 

14. 

20. 

23. 

33. 

5.9 

8.4 

10. 

71034 

1826 

' . 

12. 

13. 

18. 

26. 

31. 

5.5 

9.4 

9.4 

77064 

4058 

• 

12. 

13. 

19. 

26. 

31. 

5.5 

7.8 

9.4 

73116 

4474 

12. 

13. 

19. 

26. 

31. 

5.5 

7.8 

9.4 

71019 

1811 

p 

). 

11. 

12. 

17. 

24. 

29. 

5.1 

7.3 

8.7 

75293 

3561 

1.5 

11. 

11. 

16. 

22. 

26. 

4.7 

6.7 

8.0 

76070 

3594 

'0. 

J.5 

11. 

11. 

16. 

22. 

26. 

4.7 

6.7 

8.0 

77102 

4085 

7.1 

7.3 

11. 

15. 

18. 

3.2 

4.5 

5.4 

81027 

5435 

;.5 

6.1 

6.2 

9.1 

13. 

15. 

2.7 

3.9 

4.6 

80059 

5137 

.0 

5.5 

5.7 

8.3 

12. 

14. 

2.5 

3.5 

4.2 

74213 

3117 

-.9 

5.5 

5.6 

3.2 

12. 

14. 

2.4 

3.5 

^,2 

74031 

2935 

-.3 

4.8 

5.0 

7.3 

10. 

12. 

2.2 

3.1 

3.7 

73012 

4382 

?'.t» 

-.1 

4.6 

4.7 

6.9 

9.6 

11. 

2.0 

2.9 

3.5 

78279 

4641 

1.9 

4.3 

4.4 

6.5 

9.1 

11. 

1.9 

2.7 

3.3 

80020 

5120 

D-PULMONART  INJURY 
E-HENATOLOGICAL  OYSCRASIA 
E-HEHATOLOGICAL  OYSCRASIA 
E-HEHATOLOGICAL  OYSCRASIA 
D-PULHONARY  FIBROSIS 
E- HEMATOLOGICAL  OYSCRASIA 
D-HEMATOLOGICAL  OYSCRASIA 
D- HEMATOLOGICAL  OYSCRASIA 
D-HEHATOLOGICAL  OYSCRASIA 
O-PULHONARY  INJURY 
0-HEPATIC  INJURY 
E-OSTEOSARCCMA, VERTEBRA 
D-HEMATOLOGICAL  OYSCRASIA 
0-HEPATIC  INJURY 
D-MARRCU  APLASIA 

D-HEMANGIOSARCOMA, LIVER, -HEPATIC  DEGENERATION 
0-HEPATIC  INJURY 

E -HEMANG I OSARCOMA, LIVER, -HEPATIC  DEGENERATION 
E-SQUAMCUS  CELL  CARCINOMA, NASAL  CAVITY 
E-SOUAM.CELL  CARC., NASAL  CAVITY,-AOENOMA,LUNG 
D-HEMANGIOSARCOMA, LIVER, -HEPATIC  DEGENERATION 
O-HEMANGIOSARCCMA, LIVER, -HEPATIC  FIBROMA 
E-MYELOGcNOUS  LEUKEMIA 

O-HEMANGIOSARCCMA, LIVER, -HERAT  1C  DEGENERATION 
E-BILE  DUCT  CYSTADENCMA,HULTIPLE;HE?ATIC  DEGEN. 
E-SaUAM.CELL  CARC., NASAL  CAVI TY; CARC INCMA , LUNG 
E-HEMANGIOSARCOMA, NASAL  CAVITY 
O-SOUAMOUS  CELL  CARC INCMA, NASAL  CAVITY 
E-MALIC'NANT  MELANOMA, ear  CANAL;  EPENDYMOMA 
E-SO.  CELL  CARC., MOUTH; BILE  DUCT  CYSTAOENOMAS,MULT, 
E-NEPHRITIS,  BILIARY  CYSTS , MULT .; CARC ., PROSTATE 
E-CARCINCMA, MAMMARY  GLAMO,-NOOULAR  HYPERPLASIA  LIVER 
E-CARCINCMA,BLADOER,-CARC.,LUNG,-CARC. , THYROID 
E-DISC  D15EASE;CARC.,THYR.  ANO  ADREN . ; S I LIARY  CYSTS 
E-HEMANGIOSAR.  ,LIV.;  BILIARY  CYSTS,MULT .  ,-ADEHCMA,PI  T . 
E-MYELOPROL ITERATIVE  DISORDER 
O-CCNGESTIVE  HEART  FAILURE 

E-CARC.,MAM.GLANO,-BILE  DUCT  CYSTADENCMA,-HEP.  OEGEN. 
O-MYELCCENCUS  LEUKEMIA 

O-ADENOCARC., MAM. GLANO,-SQUA. CELL  CARC., NASAL  CAVITY 

E-ADENOCARC.,BRONCHOGENIC-LUNG,-8ILIARY  CYSTAD .  ,MULT. 

E-SQUAM.CELL  CARC., NASAL  CAVITY 

E- CARCINOMA, LIVER- HEPATOCELLULAR 

0-CARCINC«A,SILE  DUCT 

D-HEPATIC  LIPIDOSIS  £  DEGENERATION 

O-EPENDYMONA,  CENTRAL  NERVOUS  SYSTEM 

D-MALIGNANT  MELANOMA, SOFT  PALATE 

e-aoenocarcinoma,  perianal  gland 
D-HEPAT.NC0.HYPER?LAS1A,-CARC.  ,THrR., -ASPIRATION  PNEU. 


AJ  ^■*^CeCl3,  Longevity  Study  (continued) 


BETA  RADIATION  DOSE  TO  TIS 


DOG  IDENTIFICATION 

INHALATION 

EXP. 

I.a.B.  I..T.R.B. 

LUNG 

CUMULATIVE 

(GY) 

LIVER 

CUMULATIVE 

(GY) 

IT 

TO 

DEATH 

365  730 

DAYS  DAYS 

TATTOO  AN-EXPT  SEX 

DATE  DAYS 

MSQ/KG  RANK  UCI/KG  UCI  HBQ/KG  MBQ 

DAYS  DAYS 

DEATH 

490 

01-295 

F 

66014 

408 

10.9 

0.41 

SO 

4.7 

52 

0.17 

1.9 

3.7 

4.1 

4.2 

6.2 

8.7 

10. 

50F 

01-298 

F 

66020 

413 

8.3 

0.48 

51 

4.2 

35 

0.16 

1.3 

3.3 

3.7 

3.8 

5.5 

7.8 

9.2 

49E 

02-295 

F 

66014 

408 

9.1 

0.37 

32 

3.9 

36 

0.14 

1.3 

3.1 

3.4 

3.5 

5.2 

7.2 

8.6 

51A 

02-298 

H 

66020 

407 

11.1 

0.32 

53 

3.6 

40 

0.13 

1.5 

2.8 

3.2 

3.2 

4.8 

6.7 

7.9 

500 

02-297 

F 

66018 

411 

6.9 

0.48 

54 

2.0 

20 

0.11 

0.74 

2.3 

2.6 

2.6 

3.8 

5.4 

6.4 

49G 

01-296 

F 

66017 

411 

8.4 

0.28 

55 

2.6 

22 

0.096 

0.81 

2,1 

2.3 

2.3 

3.4 

4.8 

5.7 

49C 

01-300 

H 

66013 

407 

8.7 

C 

50C 

02-300 

F 

66017 

414 

9.1 

C 

51C 

03-300 

H 

66021 

408 

10.4 

C 

51E 

04-300 

F 

66021 

408 

8.4 

c 

52A 

05-300 

H 

66021 

406 

8.5 

c 

53A 

01-310 

F 

66024 

415 

9.3 

c 

530 

02-310 

F 

66024 

415 

8.1 

c 

54C 

03-310 

F 

66027 

415 

9.2 

c 

56A 

04-310 

H 

66034 

403 

11.8 

c 

60A 

01-327 

M 

66075 

402 

10.1 

c 

61C 

02-327 

F 

66080 

397 

10.0 

c 

62A 

03-327 

M 

66080 

386 

13.2 

c 

1530 

01-412 

F 

67094 

437 

9.3 

c 

156E 

02-412 

F 

67094 

425 

6.7 

c 

1978 

01-465 

H 

67239 

410 

9.0 

c 

198C 

02-465 

F 

67289 

410 

9.9 

c 

201A 

03-465 

M 

67289 

391 

12.6 

c 

UCI/KG  REPRESENTS  MICROOJRIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

MBO/KG  REPRESENTS  MECABEOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  ANO  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

+  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  NFINITE  DOSE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  DR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUt 


BETA  RADIATION  DOSE  TO  TISSUE 


jT) 

CUMUl 

LIVER 

ATIVE 

(GY) 

SKELETON 
CUMULATIVE  (GY) 

TO 

iEATH 

365 

DATS 

730 

DAYS 

TO 

DEATH 

365  730  TO 

DAYS  DAYS  DEATH 

DEATH 

DATE 

TO 

DEATH  COMMENT 

4.2 

6.2 

8.7 

10. 

1.8 

2.6 

3.1 

79144 

4878 

E-H£MANGIOSAR.,LIV£R;CARC.AOREN.;MULT.  BILIARY  CYSTS 

3.8 

5.5 

7.8 

9.2 

1.6 

2.4 

2.8 

74038 

2940 

O-MYELOMALACIA 

3.5 

5.2 

7.2 

8.6 

1.5 

2.2 

2.6 

75213 

3486 

O-PUIMCNARY  £OEHA;NOOULAR  HYPERPLASIA, LIVER 

3.2 

4.8 

6.7 

7.9 

1.4 

2.0 

2.4 

74309 

3211 

D-CONGESTIVE  HEART  FAILURE, ‘HEPATIC  DEGENERATION 

2.6 

3.8 

5.4 

6.4 

1.1 

1.6 

1.9 

76358 

3992 

0-CCNG. HEART  FAILURE;CHRONIC  NEPHAITIS;ADENO«A,MAH. 

2.3 

3.4 

4.8 

5.7 

1.0 

1.5 

1.7 

81036 

5493 

o-carcinoma,pahcreas;CARCINcma  mammary 

74156 

3065 

O-ASPIRATICN  PNEUMONIA, EPILEPSY 

81273 

5735 

E-RENAL  CORTICAL  ATROPHY 

76103 

3734 

0-ANESTHETIC  DEATH;HtPATIC  OECENERATICN 

79337 

5064 

£  -  CARC I  NOMA ,  MA,MMAR  Y ;  NEUROF I SROSARCOMA ,  SUBCUT  I S 

76189 

3820 

0-RENAL  AMYLOIDOSIS;  UREMIA 

79019 

4743 

E-CARCINCHA,THYR010;OVARIAN  TUMOR 

78073 

4432 

E-HYELOHALACIA 

80106 

5192 

E-CARCINCHA.AORENAI. 

80037 

5116 

E -CARC, LUNG, -OLF. neuroblastoma, -SO. CELL  CARC, SAL. GLAND 

82205 

5974 

0-RENAL  ATROPHY  AND  FIBROSIS 

80333 

5366 

D-ASPIR.PNEUM.,-AOENOCARC.,LUNG;CARC.THY.,-CAR.MAMMARY 

73068 

2545 

E-CARCINOMA, THYROID 

67243 

149 

S- 

67243 

149 

s- 

84  096 

6016 

D-VALVULAR  INSUFFICIENCY, HEART 

77044 

4138 

E-MAST  CELL  TUMOR , SUBCUT  I S 

32314 

5895 

E-INTERSTITIAL  NEPHRITIS 

I  SURE. 

;  »IN£HT  FINDINGS  ARE  INCLUDED. 
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BETA  RADIATION  DOSE  TO  TISSUE 


DOG  IDENTIFICATION 

INHALATION 

EXP. 

I.8.B. 

L.T.R. 

B. 

LUNG 

CUMULATIVE 

(GY) 

LIVER 

CUMULATIVE 

(GY) 

CU 

365 

DAY 

AGE 

DATE  DAYS 

WT 

KG 

365 

DAYS 

730 

DAYS 

TO 

DEATH 

365 

DAYS 

730 

DAYS 

TO 

OEATH 

TATTOO  AN-EXPT 

SEX 

MBO/KG 

RANK 

UCl/KG 

UCI 

HSQ/KG 

H6Q 

118E 

02-380 

F 

66320 

413 

9.3 

48. 

01 

540 

5100 

20. 

190. 

43. 

3.4 

122C 

01-383 

H 

66333 

410 

9.8 

28. 

02 

300 

3000 

11. 

110. 

28. 

3.0 

118F 

01-382 

F 

66326 

419 

8.0 

29. 

03 

290 

2300 

11. 

85. 

25. 

2.5 

119C 

01-384 

F 

66335 

423 

8.2 

20. 

04 

250 

2100 

9.3 

78. 

24. 

2.7 

1MB 

01-423 

H 

67146 

409 

9.5 

16. 

05 

250 

2300 

9.3 

85. 

24. 

2.7 

1190 

02-382 

F 

66326 

414 

6.5 

27. 

06 

240 

1600 

8.9 

59. 

25. 

3.2 

123  A 

02-383 

H 

66333 

409 

11.0 

33. 

C7 

240 

iioOO 

8.9 

96. 

23. 

2.5 

118A 

01-381 

K 

66322 

415 

8.1 

20. 

08 

220 

1800 

8.1 

67 

24. 

30. 

33. 

3.1 

8.1 

10. 

8.4 

119A 

03-381 

H 

66322 

409 

8.3 

20. 

09 

220 

1800 

8.1 

67. 

24. 

30. 

33. 

3.1 

8.1 

10. 

8.4 

1180 

02-381 

F 

66322 

415 

8.6 

19. 

10 

200 

1800 

7.4 

67. 

22. 

28. 

31. 

2.8 

7.0 

9.7 

7.6 

1200 

03-384 

F 

66335 

420 

9.3 

23. 

11 

200 

1900 

7.4 

70. 

20. 

2.3 

IMF 

02-423 

F 

67146 

409 

9.0 

17. 

12 

200 

1800 

7.4 

67. 

20. 

2.3 

165A 

01-426 

H 

67153 

392 

11.0 

20. 

13 

160 

1700 

5.9 

63. 

18. 

23. 

24. 

2.3 

5.9 

7.6 

6.1 

171F 

02-434 

F 

67163 

391 

6.3 

26. 

14 

160 

1000 

5.9 

37. 

18. 

23. 

24. 

2.3 

5.9 

7.6 

6.1 

169C 

01-434 

M 

67163 

397 

8.7 

17. 

15 

150 

1300 

5.5 

48. 

17. 

22. 

23. 

2.1 

5.4 

7.0 

5.7 

1188 

01-380 

H 

66320 

413 

7.9 

13. 

16 

140 

1100 

5.2 

41. 

15. 

19. 

20. 

1.9 

5.1 

6.5 

5.3 

120A 

02-384 

H 

66335 

420 

10.6 

20. 

17 

130 

1400 

4.8 

52. 

14. 

18. 

20. 

1.8 

4.7 

5.9 

4.9 

1MC 

03-422 

M 

67144 

407 

9.3 

10. 

18 

110 

1100 

4.1 

41. 

12. 

15. 

17. 

1.6 

4.0 

5.2 

4.2 

1690 

01-432 

F 

67159 

393 

5.9 

5.2 

19 

100 

610 

3.7 

23. 

11. 

14. 

15. 

1.4 

3.6 

4.8 

3.8 

IMG 

01-425 

F 

67151 

414 

7.7 

6.3 

20 

94 

730 

3.5 

27. 

10. 

13. 

14. 

1.3 

3.4 

4.5 

3.6 

174  A 

01-438 

H 

67172 

385 

9.6 

7.0 

21 

92 

880 

3.4 

33. 

10. 

13. 

14. 

1.3 

3.3 

4.4 

3.5 

171B 

02-435 

M 

67153 

394 

9.0 

8.5 

22 

90 

820 

3.3 

30. 

9.8 

13. 

14. 

1.2 

3.2 

4.3 

3.4 

16SF 

03-426 

F 

67153 

392 

9.2 

8.1 

23 

82 

750 

3.0 

28. 

9.0 

11. 

12. 

1.1 

3.0 

3.9 

3.1 

166E 

02-426 

F 

67153 

390 

11.1 

15. 

24 

73 

820 

2.7 

30. 

8.0 

10. 

11. 

1.0 

2.6 

3.5 

2.8 

172A 

03-435 

K 

67166 

385 

8.3 

6.7 

25 

63 

600 

2.5 

22. 

7.4 

9.5 

10. 

0.97 

2.5 

3.5 

2.6 

134C 

02-385 

F 

66354 

408 

9.9 

8.5 

26 

66 

650 

2.4 

24. 

7.2 

9.3 

10. 

0.92 

2.4 

3.1 

2.5 

134A 

01-385 

H 

66354 

408 

9.7 

8.5 

27 

62 

600 

2.3 

22. 

6.7 

8.6 

9.4 

0.86 

2.3 

3.0 

2.4 

1760 

03-438 

F 

67172 

384 

9.2 

9.3 

28 

60 

550 

2.2 

20. 

6.6 

8.4 

9.1 

0.86 

2.2 

2.9 

2.3 

169A 

01-435 

H 

67166 

400 

10.3 

8.9 

29 

58 

600 

2.1 

22. 

6.4 

8.1 

8.9 

0.81 

2.1 

2.8 

2.2 

172C 

01-433 

F 

67160 

379 

7.1 

4.4 

30 

53 

380 

2.0 

14. 

5.8 

7.4 

8.1 

0.76 

1.9 

2.5 

2.0 

173G 

02-433 

F 

67160 

376 

7.2 

4.8 

31 

52 

370 

1.9 

14. 

5.7 

7.2 

7.9 

0.76 

1.9 

2.5 

2.0 

174S 

02-438 

F 

67172 

385 

8.7 

7.4 

32 

51 

450 

1.9 

17. 

5.6 

7.1 

7.7 

0.70 

1.8 

2.4 

1.9 

167B 

01-431 

H 

67158 

394 

10.5 

4.8 

33 

51 

540 

1.9 

20. 

5.6 

7.1 

7.7 

0.70 

1.8 

2.4 

1.9 

171E 

03-429 

F 

67156 

384 

6.4 

5.2 

34 

48 

310 

1.8 

11. 

5.2 

6.7 

7.4 

0.65 

1.7 

2.3 

1.8 

165G 

02-422 

F 

67144 

383 

8.2 

3.4 

35 

46 

380 

1.7 

14. 

5.1 

6.5 

7.0 

0.65 

1.7 

0.20 

1.7 

1698 

01-429 

H 

67156 

390 

9.9 

3.0 

36 

44 

440 

1.6 

16. 

4.8 

6.1 

6.7 

0.59 

1.6 

2.1 

1.7 

1M0 

01-422 

M 

67144 

407 

9.3 

4.8 

37 

43 

400 

1.6 

15. 

4.7 

6.0 

6.6 

0.59 

1.6 

2.1 

1.6 

176E 

01-437 

F 

67170 

382 

6.8 

5.5 

38 

41 

280 

1.5 

10. 

4.4 

5.7 

6.2 

0.59 

1.5 

1.9 

1.6 

171 A 

02-429 

M 

67156 

384 

8.2 

3.5 

39 

40 

320 

1.5 

12. 

4.3 

5.6 

6.1 

0.54 

1.5 

1.9 

1.5 

166C 

02-425 

H 

67151 

383 

11.0 

2.4 

40 

31 

350 

1.1 

13. 

3.4 

4.3 

4.7 

0.44 

1.1 

1.5 

1.2 

174F 

02-437 

F 

67170 

381 

6.2 

3.1 

41 

16 

97 

0.59 

3.6 

1.8 

2.3 

2.4 

0.23 

0.59 

0.76 

0.61 

167C 

04-426 

H 

67153 

389 

9.9 

2.4 

42 

14 

140 

0.52 

5.2 

1.5 

1.9 

2.2 

0.19 

0.51 

0.65 

0.53 

1180 

01-386 

F 

66320 

447 

10.2 

C 

1198 

02-386 

H 

60322 

442 

9.4 

C 

121A 

04-386 

M 

66335 

435 

9.4 

C 

1ME 

01-430 

F 

67151 

20 

8.8 

C 

1650 

03-430 

H 

67151 

396 

11.4 

c 

165E 

03-430 

F 

67151 

3''6 

9.0 

c 

1668 

04-430 

M 

67153 

39'- 

10.3 

c 

16rA 

01-441 

M 

67156 

tl5 

10.3 

c 

16^ 

02-441 

F 

67156 

413 

10.3 

c 

171D 

03-441 

F 

67163 

4G5 

7.8 

c 

1740 

04-441 

F 

67166 

390 

13.1 

c 

1768 

05-441 

H 

67195 

389 

10.4 

c 

UCI/KG  REPRESENTS  MICROa,  lES  Of  kAOIONUCLIOE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

MBO/KG  REPRESENTS  MEGASEGU’ RE'.E  O'  RAOIOTfUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DCiE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DATS  AFTER  INHALATION  EXPOSURE. 

+  INDICATES  THE  DOG  DIED  I'EfORE  T  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUDE 


TA  RADIATION  DOSE  TO  TISSUE 


I 


LIVER 

CUMULATIVE 

(GY) 

SKELETON 
CWLATIVE  (GY) 

365 

no 

TO 

365  730  TO 

DEATH 

TO 

DAYS 

DAYS 

DEATH 

DAYS  DAYS  DEATH 

DATE 

DEATH  COMMENT 

3.4 

9.1 

66332 

12 

D-HEMATOLOGICAL  OYSCRASIA 

3.0 

8.0 

66353 

20 

D- HEMATOLOGICAL  OYSCRASIA 

2.5 

6.7 

66343 

17 

E-HEMATOLOGICAL  OYSCRASIA 

2.7 

7.3 

66357 

22 

D-HEMATOLOGICAL  OYSCRASIA 

2.7 

7.3 

67163 

22 

D-HEHATOLOGICAL  OYSCRASIA 

3.2 

8.6 

66354 

28 

0- HEMATOLOGICAL  OYSCRASIA 

2.5 

6.7 

66354 

21 

D-HEMATOLOGICAL  OYSCRASIA 

3.1 

8.1 

10. 

8.4 

21. 

29. 

72143 

2012 

E-SOUA.MOUS  CELL  CARCINOMA,  NASAL  CAVITY 

3.1 

8.1 

10. 

8.4 

21. 

29. 

79137 

4563 

E-HEPATIC  FIBROSIS 

2.8 

7.0 

9.7 

7.6 

19. 

26. 

79097 

4523 

D-CARCINOMA,MA.“MARY  GLAND 

2.3 

6.0 

66358 

23 

E-HEMATOLOGICAL  OYSCRASIA 

2.3 

6.2 

67170 

24 

D-HEHATOLOGICAL  OYSCRASIA 

2.3 

5.9 

7.6 

6.1 

15. 

21. 

79074 

4304 

D-CONGESTIVE  HEART  FAILURE 

2.3 

5.9 

7.6 

6.1 

15. 

21. 

74173 

2567 

E-SCUAMCUS  CELL  CARCINCMA,  NASAL  CAVITY 

2.1 

5.4 

7.0 

5.7 

14. 

20. 

77202 

3692 

E-LYHPHCMA,  VISCERA 

1.9 

5.1 

6.5 

5.3 

13. 

IS. 

78261 

4324 

E-RIGHT  HEART  FAILURE 

1.8 

4.7 

5.9 

4.9 

12. 

17. 

78038 

4086 

E-NEPHROSCLEROSIS 

1.6 

4.0 

5.2 

4.2 

11. 

14. 

68252 

473 

0-EPILEPTIC  SEIZURE 

1.A 

3.6 

4.8 

3.8 

9.6 

13. 

80344 

4933 

E-CCNGE5TIVE  HEART  FAILURE 

1.3 

3.4 

4.5 

3.6 

9.0 

12. 

7321  7 

2258 

0-SARCCHA,  MAST  CELL 

1.3 

3.3 

4.4 

3.5 

8.8 

12. 

79061 

4272 

0-CARCINCMA,LUNG 

1.2 

3.2 

4.3 

3.4 

8.6 

12. 

79114 

4344 

E-UREMIA 

1.1 

3.0 

3.9 

3.1 

7.9 

11. 

80032 

4627 

D • HEMANG lOSARCOMA .LIVER 

1.0 

2.6 

3.5 

2.8 

7.0 

9.5 

81065 

5026 

o-oisseminated  carcinoma 

0.97 

2.5 

3.5 

2.6 

6.5 

8.8 

82085 

5398 

E-PRQSTATITIS 

0.92 

2.4 

3.1 

2.5 

6.3 

8.6 

76054 

3352 

E-SQ.CELL  CARC, NASAL  CAV. , 'HEM. SARC.,UNOET  .SITE 

0.86 

2.3 

3.0 

2.4 

6.0 

8.1 

81007 

5132 

O-CONGESTIVE  HEART  FAILURE 

0.86 

2.2 

2.9 

2.3 

5.8 

7.8 

79356 

4567 

D-PULMONARY  INFARCTION 

0.81 

2.1 

2.8 

2.2 

5.6 

7.5 

68165 

364 

0-EPILEPTIC  SEIZURE 

0.76 

1.9 

2.5 

2.0 

5.1 

6.9 

78257 

4115 

E-CHEMCOECTCMA 

0.76 

1.9 

2.5 

2.0 

5.0 

6.8 

80134 

4722 

E-CARCINCMA, MAMMARY  GLAND 

0.70 

1.8 

2.4 

1.9 

4.9 

6.6 

81175 

5117 

0-RENAL  FAILURE 

0.70 

1.8 

2.4 

1.9 

4.9 

6.6 

83066 

5752 

E-CARCINCMA, ORAL  CAVITY 

0.65 

1.7 

2.3 

1.8 

4.6 

6.2 

77117 

3614 

D- disseminated  CARC I  NOMA, mammary  GLAND 

0.65 

1.7 

0.20 

1.7 

4.4 

6.0 

78223 

4097 

E-AMELOANOTIC  MELANCSARCCMA,  MOUTH 

0.59 

1.6 

2.1 

1.7 

4.2 

5.7 

78025 

3837 

O-AUTOIMMUNE  HE.MOLYTIC  ANEMIA 

0.59 

1.6 

2.1 

1.6 

4.1 

5.6 

82300 

5635 

0-ENTERITIS 

0.59 

1.5 

1.9 

1.6 

3.9 

5.3 

80288 

4866 

E-LEICMYOHA,  VAGINA 

0.54 

1.5 

1.9 

1.5 

3.8 

5.2 

79165 

4392 

E-RENAL  FAILURE 

0.44 

1.1 

1.5 

1.2 

3.0 

4.0 

79172 

4404 

D-CELLUTITIS 

0.23 

0.59 

0.76 

0.61 

1.5 

2.1 

74276 

2663 

O-GLCMERULCNEPHRITIS;  RENAL  FAILURE 

0.19 

0.51 

0.65 

0.53 

1.3 

1.8 

81160 

5121 

D-BRCNCHOPNEUMCNIA 

81296 

5455 

E-AOE.NCCARCINCMA,. MAMMARY  GLAND 

80024 

4315 

E-CARCINCMA, THYBOIO 

81132 

5276 

E-CSTEOARTHRITIS 

77203 

3705 

E-DISSEHINATED  CARCINCMA, MAMMARY  GLAND 

79134 

4366 

E-HEMAHGIOSARCOHA, LIVER 

78279 

4146 

0-HEPATIC  DECENERATICM 

81195 

5156 

E- HEMANG lOSARCCMA .PERI TCNEUM 

73  2  05 

2241 

O-SUPPURATI'/E  PLEURITIS 

81226 

5184 

E-CARCINCHA.STCMACH 

78137 

4042 

D-CGNCESTIVE  HEART  FAILURE 

78107 

3939 

E-GASTRCENTERITIS 

31190 

5109 

D-INTERSTITIAL  NEPHRITIS 

JRE. 

1INEHT  flNOIMGS  ARE  INCLUDED. 


A.5  ^^YCIj,  Sacrifice  Study 

BETA  RAOtATION  DOSE  TO  TISSUE 

LUNO  LIVER  SKEL 

INHALATION  EXP.  CUMULATIVE  <GY)  CUMULATIVE  <GT)  CUMULAT 

DOG  IDENTIFICATION .  I.B.8.  I.L.B.  . 


Wl 

“  "  ■  “ 

tu 

TATTOO  AN-EXPT 

SEX 

DATE  DAYS 

KG 

MSO/KG 

RANK 

UCt/KC 

UCI 

MSO/KG 

HSQ 

DAYS 

DAYS 

DEATH 

DAYS 

DAYS 

DEATH 

DAYS 

DA 

173F 

02-442 

F 

67179 

395 

9.1 

9.6 

01 

220 

1000 

8.1 

37 

24 

30 

33 

5.7 

IS 

19. 

8.4 

2 

1728 

01-442 

M 

67179 

398 

7.2 

19. 

02 

220 

1600 

8.1 

59 

23 

5.3 

176C 

01-443 

F 

67180 

392 

8.3 

14. 

03 

170 

1500 

6.3 

56 

19 

19 

4.4 

4.8 

6.5 

1740 

02-443 

M 

67180 

393 

7.9 

11. 

04 

120 

970 

4.4 

36 

13 

17 

18 

3.1 

8 

11. 

4.6 

1 

UCI/KG  REPRESENTS  MICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

M8Q/KG  REPRESENTS  HEGABEOUERELS  Of  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANI2E0  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


RADIATION  DOSE  TO  TISSUE 


liver  skeleton 

CUHULATIVE  <GT)  CUMULATIVE  (GY) 

.  DAYS 

30  120  TO  30  120  TO  DEATH  TO 

DAYS  DAYS  DEATH  DAYS  DAYS  DEATH  DATE  DEATH  COMMENT 


5.7  IS  19.  8.4  21  29  .  73096  2109  O-BRONCHIOLOALVEOLAR  CARCINOMA, •CARCINOMA, MAMMARY 

5.3  7.5  67206  27  0  HEMATOLOGICAL  OYSCRASIA 

4.8  6.5  6.8  67213  33  0- HEMATOLOGICAL  OYSCRASIA 

3-1  8  11.  4.6  12  16.  81021  4955  E-ENCERHALOPATHY 


;URE. 

;minent  findings  are  included. 
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A.6  '^^CsCI,  Longevity  Study 


BETA  RADIATION  DO 


INJECTION  EXPOSURE 
DOG  IDENTIFICATION  . 


I.B.B. 


DOSE  RATE  (GY/DAT) 


AGE  WT  .  30  180  365 


TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

DAYS 

KG 

RANK  UCI/KG 

UCI 

HBO/KG 

HSQ 

INITIAL 

DAYS 

DAYS 

DAYS 

01 

271D 

12-558 

F 

F 

68330 

421 

7.2 

01 

4000 

29000 

150 

1100 

.72 

.3 

24AB 

06-522 

H 

A 

68164 

402 

8.8 

02 

3900 

34000 

140 

1300 

.72 

.31 

.31 

241F 

06-523 

F 

8 

68165 

419 

8.2 

03 

3900 

32000 

140 

1200 

.71 

.31 

273A 

11-558 

M 

E 

68330 

405 

9.4 

04 

3800 

36000 

140 

1300 

.69 

.4; 

2490 

06-540 

H 

0 

68215 

422 

10.1 

05 

3600 

36000 

130 

1300 

.68 

.3! 

253C 

06-539 

F 

C 

68214 

393 

9.5 

06 

3500 

33000 

130 

1200 

.65 

.31 

277F 

09-560 

F 

H 

68354 

392 

7.1 

07 

3000 

21000 

110 

780 

.54 

.19 

.0020 

.00002 

2S4B 

09-562 

H 

I 

69028 

394 

8.5 

08 

2900 

25000 

110 

930 

.52 

.18 

.0020 

.00001 

2S2C 

10-562 

F 

J 

69028 

402 

7.6 

09 

2900 

22000 

110 

810 

.53 

.25 

.0059 

.00020 

280C 

09-567 

F 

L 

69052 

429 

7.9 

10 

2900 

23000 

110 

850 

.53 

.3: 

292A 

10-567 

H 

K 

69052 

377 

8.5 

11 

2900 

25000 

110 

930 

.52 

.17 

.0030 

.00003 

241G 

05-523 

F 

8 

68165 

419 

8.6 

12 

2800 

24000 

100 

890 

.51 

.2: 

247E 

05-539 

F 

C 

68214 

428 

7.9 

13 

2800 

22000 

100 

810 

.51 

.21 

266C 

09-558 

M 

E 

68330 

435 

7.4 

14 

2800 

21000 

100 

730 

.50 

.23 

.0025 

.00005 

273E 

10-558 

F 

F 

68330 

405 

8.3 

15 

2800 

23000 

100 

850 

.51 

.26 

.0075 

.00030 

2458 

05-522 

H 

A 

68164 

392 

9.1 

16 

2700 

25000 

100 

930 

.51 

.18 

.0: 

2790 

10-560 

K 

G 

68354 

383 

8.1 

17 

2700 

22000 

100 

810 

.48 

.22 

.0050 

.00010 

248a 

05-540 

M 

0 

68215 

428 

9.6 

18 

2600 

25000 

96 

930 

.48 

.23 

.0030 

.00003 

244E 

04-523 

F 

B 

68165 

403 

7.5 

19 

2100 

16000 

78 

590 

.37 

.16 

.0035 

.00004 

2660 

08-558 

F 

F 

68330 

435 

7.8 

20 

2100 

16000 

78 

590 

.37 

.15 

.0020 

.00005 

2798 

07-560 

H 

G 

68354 

383 

9.9 

21 

2000 

20000 

74 

740 

.36 

.19 

.0060 

.00020 

275E 

08-560 

F 

H 

68354 

410 

7.8 

22 

2000 

16000 

74 

590 

.37 

.15 

.0020 

.00003 

2830 

08-562 

F 

J 

69028 

423 

8.8 

23 

2000 

18000 

74 

670 

.37 

.13 

.0025 

.00004 

292C 

08-567 

F 

L 

69052 

377 

9.0 

24 

1900 

17000 

70 

630 

.36 

.14 

.0040 

.00008 

241A 

04-522 

H 

A 

68164 

418 

10.0 

25 

1900 

19000 

70 

700 

.36 

.18 

.09 

271 A 

07-558 

M 

E 

68330 

421 

9.8 

26 

1900 

19000 

70 

700 

.35 

.19 

.0040 

.00010 

.00 

283A 

07-562 

M 

I 

69028 

423 

11.2 

27 

1900 

21000 

70 

780 

.35 

.14 

.0030 

.00005 

291A 

07-567 

M 

K 

69052 

382 

10.8 

28 

1900 

21000 

70 

780 

.35 

.12 

.0028 

.00003 

253B 

04-539 

F 

C 

68214 

393 

9.7 

29 

1800 

17000 

67 

630 

.34 

.15 

.0040 

.00006 

247a 

04-540 

H 

0 

68215 

429 

9.3 

30 

1800 

18000 

67 

670 

.34 

.17 

.0060 

.00010 

244C 

03-522 

M 

A 

68164 

402 

6.7 

31 

1600 

11000 

59 

410 

.28 

.090 

.0013 

.00001 

2800 

06-562 

F 

J 

69028 

405 

6.8 

32 

1600 

11000 

57 

410 

.28 

.098 

.0025 

.00003 

279A 

05-560 

M 

G 

68354 

383 

9.5 

33 

1500 

14000 

56 

520 

.27 

.11 

.0011 

.00002 

278F 

06-560 

F 

H 

68354 

391 

8.4 

34 

1500 

13000 

56 

480 

.26 

.13 

.0030 

.00010 

2860 

05-567 

F 

L 

69052 

417 

8.8 

35- 

1500 

13000 

56 

430 

.27 

.10 

.0022 

.00004 

241E 

03-523 

F 

8 

68165 

419 

9.4 

36 

1400 

13000 

52 

480 

.26 

.14 

.0050 

.00015 

267A 

05-558 

H 

E 

68330 

435 

11.2 

37 

1400 

16000 

52 

590 

.26 

.15 

.0060 

.00020 

263C 

06-558 

F 

F 

68330 

433 

11.0 

38 

1400 

15000 

52 

560 

.26 

.17 

.014 

.00060 

2890 

05-562 

H 

I 

69028 

376 

9.7 

39 

1400 

14000 

52 

520 

.26 

.099 

.0030 

.00005 

247C 

03-540 

H 

0 

68215 

429 

8.8 

40 

1300 

11000 

48 

410 

.25 

.12 

.0018 

.00003 

291 C 

06-567 

H 

K 

69052 

382 

7.7 

41 

1200 

9200 

44 

340 

.22 

.11 

.0041 

.00005 

252C 

03-539 

F 

C 

68214 

407 

9.3 

42 

1200 

11000 

U 

410 

.21 

.12 

.0025 

.00005 

244F 

02-523 

F 

8 

68165 

403 

5.8 

43 

1100 

6400 

41 

240 

.20 

.072 

.00083 

.00001 

2788 

04-560 

K 

G 

68354 

391 

9.5 

44 

1100 

10000 

41 

370 

.21 

.10 

.0020 

.00003 

2418 

02-522 

K 

A 

68164 

418 

9.8 

45 

1000 

9800 

37 

360 

.19 

.079 

.0013 

.00001 

273F 

04-558 

F 

F 

68330 

405 

8.4 

46 

1000 

8400 

37 

310 

.19 

.10 

.0045 

.00040 

2780 

03-360 

F 

K 

68354 

391 

10.3 

47 

1000 

10000 

37 

370 

.19 

.084 

.0013 

.00004 

281C 

04-562 

F 

J 

69028 

404 

8.4 

48 

1000 

8400 

37 

310 

.19 

.065 

,0015 

.00006 

2818 

03-567 

F 

L 

69052 

42S 

9.8 

49 

940 

9200 

35 

340 

.17 

.081 

.0030 

.00008 

rvjMUiru-T'Viop'O 


BETA  RADIATION  DOSE  TO  WHOLE  BOOT 


DOSE  RATE  (GY/DAY) 

30  180  365  AT 

lAL  DAYS  DAYS  DAYS  DEATH 


•2 

7  .31 

'1 


.19  .0020 
.18  .0020 
.25  .0059 


.17  .0030 

1 

1 


0 

.23 

.0025 

1 

.26 

.0075 

1 

.18 

8 

.22 

.0050 

8 

.23 

.0030 

7 

.16 

.0035 

7 

.15 

.0020 

6 

.19 

.0060 

7 

.15 

.0020 

7 

.13 

.0025 

6 

.14 

.0040 

6 

.18 

5 

.19 

.0040 

5 

.14 

.0030 

5 

.12 

.0028 

4 

.15 

.0040 

4 

.17 

.0060 

3 

.090 

.0013 

8 

.098 

.0025 

7 

.11 

.0011 

6 

.13 

.0030 

7 

.10 

.0022 

6 

.14 

.0050 

6 

.15 

.0060 

6 

.17 

.014 

6 

.099 

.0030 

5 

.12 

.0013 

2 

.11 

.0041 

.1 

.12 

.0025 

0 

.072 

.00083 

1 

.10 

.0020 

9 

.079 

.0013 

9 

.10 

.0045 

9 

.084 

.0013 

9 

.065 

.0015 

7 

.081 

.0030 

.31 

.30 

.38 

.43 

.35 

.36 

.00002 

.00001 

.00020 

.32 

.00003 

.27 

.27 

.00005 

.00030 

.051 

.00010 

.00003 

.00004 

.00005 

.00020 

.00003 

.00004 

.00008 

.093 

.00010  .000003 
.00005 
.00003 
.00006 
.00010 
.00001 
.00003 
.00002 
.00010 
.00004 
.00015 
.00020 
.00060 
.00005 
.00003 
.00005 
.00005 
.00001 
.00003 
.00001 
.00040 
.00004 
.00006 
.00008 


CUMULATIVE  (GY) 


30 

DAYS 

180 

DAYS 

365 

DAYS 

AT 

DEATH 

DEATH 

DATE 

DAYS 

TO 

DEATH 

11. 

68356 

26 

13. 

14. 

68197 

33 

10. 

68187 

22 

9.5 

68349 

19 

13. 

68242 

27 

9.7 

68236 

22 

9.2 

15. 

15. 

15. 

80094 

4123 

9.0 

15. 

15. 

15. 

81182 

4537 

10. 

20. 

20. 

20. 

73271 

1704 

9.1 

69076 

24 

7.9 

15. 

15. 

15. 

81146 

4477 

8.6 

68190 

25 

9.1 

68241 

27 

9.5 

17. 

17. 

17. 

73097 

1594 

10. 

22. 

22. 

22. 

77343 

3301 

8.6 

14. 

68245 

81 

9.5 

18. 

18. 

18. 

76139 

2707 

10. 

19. 

19. 

19. 

77313 

3386 

7.0 

15. 

15. 

15. 

80022 

4240 

6.7 

12. 

12. 

12. 

77204 

3162 

7.8 

15. 

15. 

15. 

79262 

3926 

7.0 

12. 

12. 

12. 

63013 

5138 

6.4 

11. 

11. 

11. 

80322 

4311 

6.7 

12. 

12. 

12. 

77277 

3147 

7.1 

13. 

68241 

77 

7.3 

15. 

15. 

15. 

70292 

693 

7.3 

12. 

12. 

12. 

80286 

4275 

6.3 

10. 

10. 

10. 

80077 

4042 

6,5 

13. 

13. 

13. 

80265 

4434 

7.2 

15. 

15. 

15. 

802S0 

4448 

4.3 

7.7 

7.7 

7.7 

82091 

5041 

5.0 

8.4 

8.5 

8.5 

80128 

4117 

4,7 

8.3 

8.4 

8.4 

74310 

2148 

5.6 

10. 

10. 

10. 

83173 

5298 

4.8 

8.2 

8.3 

8.3 

79184 

3784 

5.5 

12. 

12. 

12. 

82195 

5144 

5.8 

13. 

13. 

13. 

73206 

3529 

6.3 

15. 

15. 

15. 

81334 

4753 

4.8 

8.7 

8.8 

8.8 

79312 

3936 

4.7 

9.8 

9.9 

9.9 

81327 

4861 

5.2 

9.7 

9.9 

9.9 

83090 

5151 

4.8 

9.5 

9.7 

9.7 

80072 

4241 

3.4 

5,5 

5.9 

5.9 

80120 

4338 

4.4 

8.1 

8.2 

8.2 

79269 

3933 

3.3 

6.4 

6.5 

6.5 

83027 

5342 

4.2 

8.8 

9.1 

9.1 

81266 

4685 

3.5 

6.>« 

6.5 

6.5 

82217 

4977 

3.2 

5.6 

5.7 

5,7 

81282 

4637 

3.5 

6.9 

7.1 

7.1 

8C046 

4011 

COMMENT 


D- HEMATOLOGICAL  DYSCRASIA 

D-HEHATOLOGiaL  DYSCRASIA 

D- HEMATOLOGICAL  DYSCRASIA 

D- HEMATOLOGICAL  DYSCRASIA 

D- HEMATOLOGICAL  DYSCRASIA 

D- HEMATOLOGICAL  DYSCRASIA 

E-RENAL  INFARCTION 

D-CARCINOMA.PROSTATE 

E-ARTHRITIS;PNEUHONIA 

E- HEMATOLOGICAL  DYSCRASIA 

E-CARC., NASAL  CAVI TY;CARC. , INTESTINE 

D-HEMATOLOCICAL  DYSCRASIA 

D- HEMATOLOGICAL  DYSCRASIA 

D-PNEUMONIA;PliARYMGITIS 

E- SUPPURATIVE  ENOQMEIRITIS 

D-HEMATOLOCICAL  DYSCRASIA 

E-SARCOMA,  MAST  CELL 

E-SQUAM.  CEU  CARCINOMA, SINUS  CAVITY 

E-HEPHROSCLE!iOSIS;CARCINCMA,  LUNG 

O-CONGESTIVE  HEART  FAILURE 

E-TUMOR,  PERIPHERAL  NERVE 

D-MAMMARY  ADENOCARCINOMA 

D-HEMATOMA,S?L£EM 

O-MEHANGIOSASCOMA,  HEART 

D-HEMATOLOCICAL  DYSCRASIA 

D- SHOCK 

D- HEMANGIOSARCOMA ,  SPLEEN 
E  - 1  EUKOcNCEPHALOMALAC  I A 
D-CARCIPO  .MAMMARY  GLAND 
0-HEPATIC  DEGENERATION 
D-HEPATIC  ATROPHY 
E-CARCINCMA,MAMMARY  GLAND 
O-RENAL  AMYLOIDOSIS 
D-INTERSTITIAL  NEPHRITIS 
D-PYOMETRA 

0  -  HEMANG  lOSARCOMA ,  L I VER 
E-BRAIN  EDEMA.UNDETERMINED  C'USE 
0-HEPATIC  ATROPHY 
E-CARCINOMA, NASAL  CAVITY 
0-CARCIHOMA,SIOMACM 
E-RENAL  CORTICAL  FIBROSIS 
E-SARCOMA, MAMMARY  GLAND 
D-RENAL  AMYLOIDOSIS 
E-TUMOR,  LIVER 
E-PTELONEPHRITIS 
E-CARCINOMA, MAMMARY  GLANO 
E-MEDIASTINAL  TUMOR 
D-CNS  DISTURBANCE 

D-CARCINOMA, MAWARY/TUMOR,  NASAL  CAVITY 
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A.6  ^^^CsCI,  Longevity  Study  (continued) 


SETA  RADIATION  DOSE 


INJECTION  EXPOSURE  DOSE  RATE  (GY/DAY) 

DOG  IDENTIFICATION  .  I.B.B.  . 


TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

AGE 

DAYS 

WT 

KG 

RANK  UCI/KG 

UCI 

MBQ/KG 

HBQ 

INITIAL 

30 

DAYS 

180 

DAYS 

365 

DAYS 

285A 

03-562 

M 

I 

69028 

393 

10.5 

50 

920 

9700 

34 

360 

.17 

.063 

.0020 

.00002 

287A 

04-567 

H 

K 

69052 

410 

10.2 

51 

900 

9200 

33 

340 

.17 

.080 

.0028 

.00007 

249C 

02-540 

M 

0 

68215 

422 

8.8 

52 

900 

7900 

33 

290 

.17 

.086 

.0022 

.00002 

266A 

03-558 

M 

E 

68330 

435 

9.1 

53 

890 

8100 

33 

300 

.16 

.079 

.0015 

.00004 

2A8C 

02-539 

F 

C 

68214 

427 

8.3 

54 

880 

7300 

33 

270 

.16 

.076 

.0011 

.00002 

2A1C 

01-522 

H 

A 

68164 

418 

9.7 

C 

244D 

01-523 

F 

B 

68165 

403 

7.2 

C 

2510 

01-539 

F 

C 

68214 

408 

6.8 

C 

247B 

01-540 

H 

0 

68215 

429 

9.4 

C 

267D 

02-558 

F 

F 

68330 

435 

7.4 

C 

2708 

01-558 

H 

E 

68330 

423 

8.4 

r 

274E 

01-560 

F 

H 

68354 

419 

7.1 

C 

277A 

02-560 

H 

G 

68354 

392 

9.4 

C 

2824 

01-562 

H 

I 

69028 

402 

8.6 

C 

283C 

02-562 

F 

J 

69028 

395 

8.8 

c 

2820 

02-567 

F 

L 

69052 

426 

6.9 

c 

288C 

01-567 

M 

K 

69052 

417 

8.4 

c 

AT 

DEAT 


UCl/XG  REPRESENTS  MICROCURIES  OF  RAOIONUCtlOE  PER  KILOGRAM  OF  TOTAL  BCX3Y  UEIGHT. 

MBQ/KG  REPRESENTS  MEGABEOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENTS  0,  £,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  Al 


BETA  RADIATION  DOSE  TO  WHOLE  SOOT 


DOSE  RATE  (CY/DAY) 


CUMULATIVE  (GY) 


30 

AYS 

180 

DAYS 

365 

DAYS 

AT 

DEATH 

30 

DAYS 

180 

DAYS 

365 

DAYS 

AT 

DEATH 

DEATH 

DATE 

DAYS 

TO 

DEATH 

COMMENT 

063 

.0020 

.00002 

3.1 

5.4 

5.5 

5.5 

82028 

4748 

E-CARCINOMA, BLADDER 

080 

.0028 

.00007 

3.6 

6.7 

6.9 

6.9 

75332 

2471 

£  -NEUROf  1 BROSARCOMA  ,L  IVER 

086 

.0022 

.00002 

3.4 

7.0 

7.1 

7.1 

81015 

4549 

£ -CARO  I  NOMA, BLADDER 

079 

.0015 

.00004 

3.3 

6.3 

6.4 

6.4 

81056 

4475 

E  -  HEHANG I OSARCOMA ,  SPLEEN 

076 

.0011 

.00002 

3.3 

6.1 

6.1 

6.1 

80318 

82313 

4487 

5263 

E-LIVER  DEGEN. ;CARC., LIVER, -CARC., LUNG 
E-INTERSTITIAL  NEPHRITIS 

70081  647  D-HEMOLYTIC  ANEMIA, •ENDOCARDITIS 

83054  5319  E-IMTERSTITIAL  NEPHRITIS 

84233  5862  E-PYELONEPHRITIS 

79225  3913  D-ENOOMETRITIS;  PERITONITIS 

83364  5513  O-AOEHCCARCIMOMA, PROSTATE 

77154  3088  0-CARCINCMA, MAMMARY  GLAND 

75239  2442  0-RENAL  AMYLOIDOSIS 

84130  5580  E-THRCMBOSIS, AORTA 

85199  6015  D-BRCNCHIOLOALVEOLAR  CARC.,LUNG 

78030  3265  E-RENAL  fAI LURE, -UREMIA 

82011  4707  E-PYELONEPHRITIS 


^  :0N  EXPOSURE. 


•LY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


A.7  in  Fused  Aluminosilicate  Particles,  Longevity  Study 


IHHALATIOM  EXPOSURE 

DOG  IDENTIFICATION  . .  I.B.B. 

.  AGE  WT  . 


TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

OATS 

KG 

H80/KG 

HBQ 

333A 

02-661 

H 

A 

69266 

415 

10.3 

230. 

2300 

333T 

01-661 

F 

3 

69266 

415 

8.6 

180. 

1600 

347S 

02-684 

F 

0 

69322 

379 

9.8 

130. 

1300 

340C 

03-684 

H 

C 

69322 

419 

10.6 

130. 

1400 

332V 

01-662 

F 

8 

69267 

418 

5.5 

150. 

850 

339A 

04-684 

H 

C 

69322 

422 

9.8 

89. 

850 

335  S 

03-661 

F 

8 

69266 

399 

9.7 

96. 

930 

334A 

04-661 

H 

A 

69266 

406 

11.4 

85. 

960 

341 T 

03-685 

F 

0 

69323 

417 

9.0 

93. 

810 

340U 

01-684 

F 

0 

69322 

419 

9.8 

170. 

1700 

341C 

02-685 

H 

C 

69323 

417 

10.1 

67. 

670 

340B 

05-685 

K 

c 

69323 

421 

10.6 

63. 

670 

334B 

02-662 

H 

A 

69267 

407 

10.6 

70. 

740 

332T 

04-662 

F 

8 

69267 

418 

8.0 

70. 

560 

3478 

04-685 

M 

C 

69323 

380 

8.5 

56. 

480 

335A 

03-662 

H’ 

A 

69267 

400 

9.6 

59, 

560 

343V 

01-685 

F 

0 

69323 

395 

7.1 

96. 

670 

406U 

04-320 

F 

H 

70253 

409 

8.4 

52. 

440 

339S 

05-662 

F 

8 

69267 

367 

7.7 

67. 

520 

406A 

03-820 

H 

S 

70258 

409 

12.0 

56. 

670 

448U 

02-874 

F 

L 

71089 

411 

8.4 

67. 

560 

439A 

03-863 

M 

I 

71053 

402 

13.1 

48. 

630 

343C 

03-686 

H 

c 

69325 

397 

9.3 

32. 

300 

437T 

01-863 

F 

J 

71053 

406 

7.6 

30. 

230 

3808 

01-746 

M 

E 

70124 

394 

9.0 

36. 

320 

4518 

04-874 

M 

K 

71089 

401 

9.5 

41. 

370 

403T 

02-820 

F 

H 

70258 

416 

6.9 

34, 

230 

449U 

01-874 

F 

L 

71089 

408 

5.9 

44. 

260 

452B 

03-874 

H 

K 

71089 

401 

9.8 

41. 

410 

341S 

02-686 

F 

D 

69325 

419 

9.8 

35. 

340 

413A 

01-821 

M 

G 

70259 

383 

11.2 

29. 

320 

3338 

06-662 

M 

A 

69267 

416 

11.9 

56. 

440 

4488 

04-863 

H 

I 

71053 

375 

9.8 

31. 

310 

402C 

01-820 

M 

s 

70258 

417 

7.0 

29. 

200 

404U 

03-821 

F 

H 

70259 

416 

5.9 

32. 

190 

434T 

02-863 

F 

J 

71053 

415 

7.3 

30. 

220 

448C 

03-864 

« 

I 

71054 

380 

11.2 

25. 

280 

436U 

01-864 

F 

J 

71054 

412 

9.1 

34. 

310 

371S 

03-746 

F 

F 

70124 

423 

7.8 

25. 

190 

400T 

04-821 

F 

H 

70259 

426 

6.5 

21. 

130 

3788 

04-746 

M 

E 

70124 

410 

10.3 

26. 

260 

333S 

02-663 

F 

3 

69268 

417 

7.6 

22. 

160 

4508 

03-875 

H 

K 

71090 

406 

9.4 

21. 

200 

448S 

04-864 

F 

J 

71054 

380 

8.1 

21. 

170 

332C 

01-663 

M 

A 

69263 

419 

8.5 

19. 

160 

449S 

04-875 

F 

L 

71090 

409 

7.9 

21. 

160 

400U 

01-817 

F 

H 

70251 

418 

7.6 

20. 

150 

411C 

02-821 

M 

G 

70259 

394 

9.2 

21. 

190 

439C 

02-864 

M 

I 

71054 

403 

9.7 

26. 

250 

BETA  RADIATION  DOSE  1 

I.L.B. 

RATE  (GY/MIN) 

CUHUL/ 

RANK  UCI/KG  UCI  H8Q/KG  M8Q 

INITIAL  AT  DEATH 

IMFIN. 

01 

5200 

53000 

190. 

2000 

.15 

.030 

810^ 

02 

3600 

31000 

130. 

1100 

.10 

.005 

S70^ 

03 

2800 

27000 

100. 

1000 

.080 

440 

04 

2600 

28000 

96. 

1000 

.076 

410 

05 

2400 

13000 

89. 

480 

.060 

370 

06 

1900 

19000 

70. 

700 

.056 

300 

07 

1900 

18000 

70. 

670 

.055 

290 

08 

1700 

19000 

63. 

700 

.048 

270 

09 

1700 

15000 

63. 

560 

.048 

270 

10 

1600 

16000 

59. 

590 

.048 

250 

11 

1500 

15000 

56. 

560 

.044 

240 

12 

1400 

15000 

52. 

560 

.042 

230 

13 

1400 

15000 

52. 

560 

.041 

230 

14 

1400 

11000 

52. 

410 

.041 

220 

15 

1300 

11000 

48. 

410 

.038 

200 

16 

1100 

11000 

41. 

410 

.032 

180 

17 

1100 

75  00 

41. 

280 

.030 

170 

18 

1100 

8800 

41. 

330 

.030 

170 

19 

1000 

7800 

37. 

290 

.029 

170 

20 

980 

12000 

36. 

440 

.027 

150 

21 

900 

7600 

33. 

230 

.027 

140 

22 

850 

11000 

31. 

410 

.024 

140 

23 

760 

7100 

23. 

260 

.022 

120 

24 

740 

5600 

27. 

210 

.022 

120 

25 

730 

6600 

27. 

240 

.022 

120 

26 

730 

6900 

27. 

260 

.022 

120 

27 

710 

4900 

26. 

180 

.020 

110 

28 

710 

4200 

26. 

160 

.020 

110 

29 

700 

6900 

26. 

260 

.020 

110 

30 

690 

6800 

26. 

250 

.020 

110 

31 

680 

7600 

25. 

280 

.020 

no 

32 

680 

8000 

25. 

300 

.019 

110 

33 

670 

6600 

25. 

240 

.019 

100 

34 

660 

4700 

24. 

170 

.019 

100 

35 

640 

3700 

24. 

140 

.019 

100 

36 

640 

4700 

24. 

170 

.019 

100 

37 

600 

6700 

22. 

250 

.018 

95 

38 

590 

5300 

22. 

200 

.018 

93 

39 

590 

4600 

22. 

170 

.018 

93 

40 

500 

3300 

19. 

120 

.015 

79 

41 

490 

5100 

18. 

190 

.014 

77 

42 

460 

3500 

17. 

130 

.014 

72 

43 

450 

4200 

17. 

160 

.013 

71 

44 

420 

3400 

16. 

130 

.012 

66 

45 

410 

3500 

15. 

130 

.012 

65 

46 

400 

3200 

15. 

120 

,012 

64 

47 

400 

3000 

15. 

110 

.012 

62 

48 

380 

3500 

14. 

130 

.011 

60 

49 

380 

3700 

14. 

140 

,011 

60 

BETA  RADIATION  DOSE  TO  LUNG 


RATE  (GT/HIN)  CUMULATIVE  (GY) 


INITIAL 

AT  DEATH 

INFIN. 

TO  DEATH 

DEATH 

DATE 

DAYS  TO 
DEATH 

COMMENT 

.15 

.030 

810+ 

700 

69273 

7 

O-PULMONARY  INJURY 

.10 

.005 

570+ 

550 

69278 

12 

O-PULHONARY  INJURY 

.080 

440 

440 

70004 

47 

O-PULMONARY  INJURY 

.076 

410 

410 

69353 

31 

O-PULMONARY  INJURY 

.060 

370 

370 

69342 

75 

O-PULHONARY  INJURY 

.056 

300 

300 

70021 

6'i 

O-PULHONARY  INJURY 

.055 

290 

290 

69336 

70 

O-PULHOMARY  INJURY 

.048 

270 

270 

69304 

38 

E-PULHONARY  INJURY 

.048 

270 

270 

70033 

75 

O-PULHONARY  INJURY 

.048 

250 

250 

70045 

88 

0-PULHCNARY  INJURY 

.044 

240 

240 

70043 

85 

D-PULHONARY  INJURY 

.042 

230 

230 

70048 

90 

O-PULHONARY  INJURY 

.041 

230 

230 

69290 

23 

D-PULMONARY  INJURY 

.041 

220 

220 

69356 

89 

E-PULHONARY  INJURY 

.038 

200 

200 

70033 

75 

O-PULMONARY  INJURY 

.032 

180 

180 

69358 

91 

O-PULHONARY  INJURY 

.030 

170 

170 

70050 

92 

O-PULMONARY  INJURY 

.030 

170 

170 

70349 

91 

D-PULMGNARY  INJURY 

.029 

170 

170 

69349 

82 

D-PULMONARY  INJURY 

.027 

150 

150 

71001 

108 

O-PULMONARY  INJURY 

.027 

140 

140 

71230 

141 

O-PULMONARY  INJURY 

.024 

140 

140 

71158 

105 

O-PULMONARY  INJURY 

.022 

120 

120 

70077 

117 

O-PULMONARY  INJURY 

.022 

120 

120 

71175 

122 

D-PULMONARY  INJURY 

.022 

120 

120 

70323 

199 

O-PULHONARY  INJURY 

.022 

120 

120 

71232 

143 

O-PULHONARY  INJURY 

.020 

110 

110 

71023 

130 

O-PULHONARY  INJURY 

.020 

110 

110 

73261 

903 

O-PULHONARY  FI  BROS  I S; ADENOMA , LUNG 

.020 

110 

110 

71210 

121 

o-pulhonary  injury 

.020 

110 

110 

70123 

163 

E-PULMONARY  INJURY 

.020 

110 

110 

71108 

214 

D-PULMONARY  INJURY 

.019 

110 

110 

70028 

126 

O-PULHONARY  INJURY 

.019 

100 

100 

77139 

2278 

E  -  F I BROSARCOHA ,  LUNG  .'OSTEOPATHY 

.019 

100 

100 

71356 

463 

D-PULMONARY  INJURY 

.019 

100 

10O 

71114 

220 

O-PULMONARY  INJURY 

.019 

100 

10O 

71176 

123 

O-PULHONARY  INJURY 

.018 

95 

55 

71291 

237 

0- pulmonary  injury 

.018 

93 

53 

71259 

205 

O-PULHONARY  INJURY 

.018 

93 

93 

70306 

182 

D-PULHONARY  INJURY 

.015 

79 

79 

79172 

3200 

O-CONGESTIVE  HEART  FAILURE 

.014 

77 

77 

77194 

2627 

e-brcmc.alv.carc.;csteosar:.,vert. 

.014 

72 

72 

75  3  2  7 

2250 

D-SRCNCHIOLOALVECLAR  CARCINOMA 

.013 

71 

71 

80131 

3328 

0- carcinoma, LUNG 

.012 

66 

66 

77239 

2377 

E-CARCIKCMA,-SITE  UNOETERMINEO 

.012 

65 

65 

78013 

3032 

E-SOUAMOUS  CELL  CARCINOMA, LUNG 

.012 

64 

64 

84295 

4953 

D-CONGESTIVE  HEART  FAILURE 

.012 

62 

62 

83010 

4507 

E-ACeMOCARCINWA,MA^-MARY 

.011 

60 

60 

80118 

3511 

O-HEART  FAILURE 

.011 

60 

60 

80178 

3411 

E- HEART  FAILURE 

A.7  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (continued) 


INHALATION  EXPOSURE 

DOO  IDENTIFICATION  .  I. 6.8. 


TATTOO  AM-EXPT 

SEX 

BLOCK 

DATE 

AGE 

OATS 

WT 

KG 

HBO/KG 

HBO 

RANK 

411D 

04-817 

H 

G 

70251 

386 

9.8 

16. 

150 

50 

AS2A 

01-875 

H 

K 

71090 

402 

9.6 

20. 

190 

51 

449T 

02-875 

F 

L 

71090 

409 

8.2 

20. 

160 

52 

374T 

02-746 

F 

F 

70124 

414 

8.0 

17. 

140 

53 

348C 

04-686 

H 

C 

69325 

376 

8.7 

25. 

210 

54 

343T 

01-686 

F 

0 

69325 

397 

8.5 

16. 

140 

55 

434S 

01-867 

F 

J 

71055 

417 

9.4 

16. 

150 

56 

407S 

02-817 

F 

H 

70251 

402 

7.2 

16. 

120 

57 

3800 

01-747 

M 

E 

70125 

395 

9.4 

15. 

140 

58 

406B 

03-817 

H 

G 

70251 

402 

12.1 

18. 

210 

59 

4460 

04-867 

M 

I 

71055 

381 

11.4 

17. 

190 

60 

375U 

02-747 

F 

F 

70125 

415 

7.6 

14. 

110 

61 

437S 

03-867 

F 

J 

71055 

408 

8.4 

16. 

130 

62 

441A 

02-867 

H 

I 

71055 

399 

9.0 

13. 

110 

63 

399A 

02-818 

M 

G 

70252 

422 

9.0 

10. 

93 

64 

377B 

03-747 

M 

£ 

70125 

412 

9.0 

13. 

110 

65 

450C 

01-876 

M 

K 

71091 

407 

10.4 

10. 

100 

66 

339U 

04-687 

F 

0 

69328 

'.28 

7.2 

12. 

85 

67 

372S 

04-747 

F 

F 

70125 

423 

9.6 

12. 

110 

68 

339B 

01-687 

M 

C 

69328 

428 

9.1 

8.5 

78 

69 

332S 

03-663 

F 

s 

69268 

419 

8.6 

10. 

89 

70 

44 7U 

04-876 

F 

L 

71091 

414 

6.6 

10. 

67 

71 

335B 

04-663 

H 

A 

69268 

401 

9.8 

10. 

100 

72 

408U 

01-818 

F 

H 

70252 

395 

9.0 

9.6 

89 

73 

438S 

01-868 

F 

J 

71056 

405 

9.7 

16, 

150 

74 

4478 

03-868 

M 

I 

71056 

379 

7.3 

11. 

78 

75 

377S 

01-748 

F 

F 

70126 

413 

9.9 

7.0 

70 

76 

380C 

03-748 

H 

E 

70126 

396 

10.2 

6.7 

70 

77 

339T- 

02-665 

F 

S 

69269 

369 

6.4 

7.0 

44 

78 

4078 

03-818 

H 

G 

70252 

403 

10.6 

7.0 

74 

79 

450E 

03-876 

M 

K 

71091 

407 

10.2 

6.3 

63 

80 

4487 

02-876 

F 

L 

71091 

413 

8.3 

5.2 

A4 

81 

343A 

03-687 

M 

C 

69328 

400 

9.3 

4.4 

41 

82 

405U 

04-818 

F 

H 

70252 

403 

6.8 

5.5 

37 

83 

334C 

01-665 

M 

A 

69269 

409 

8.3 

5.2 

44 

84 

436V 

04-868 

F 

J 

71056 

414 

7.4 

6.7 

48 

85 

4388 

02-868 

M 

I 

71056 

405 

8.6 

5.5 

48 

86 

3798 

02-748 

M 

E 

70126 

402 

10.7 

4.1 

44 

87 

372T 

04-743 

F 

F 

70126 

424 

10.4 

3.4 

36 

83 

340T 

02-687 

F 

0 

69328 

425 

10.2 

3.7 

41 

89 

333E 

01-660 

M 

A 

69265 

414 

9.5 

C 

334T 

02-660 

F 

3 

69265 

405 

8.5 

C 

348S 

02-683 

F 

0 

69321 

372 

9.0 

c 

3498 

01-683 

H 

C 

69321 

372 

12.2 

c 

378A 

01-745 

M 

E 

70121 

407 

11.6 

c 

383U 

02-745 

F 

F 

70121 

375 

6.0 

c 

401A 

02-812 

M 

G 

70247 

413 

9.2 

c 

407T 

01-812 

F 

H 

70247 

398 

8.0 

c 

438U 

02-862 

F 

J 

71050 

399 

7.3 

c 

4418 

01-862 

M 

I 

71050 

394 

8.6 

c 

447U 

02-873 

F 

L 

71085 

408 

6.6 

c 

448A 

01-873 

M 

K 

71085 

407 

10.0 

c 

BETA  RADIATION  DOSE  TO  LUNG 


I.L.B. 

RATE  <GT/HIN) 

CUMULATIVE  <1 

UCI/KG  UCI  HBO/KG  HBO 

INITIAL  AT  DEATH 

INFIN.  TO  DEi 

380 

3700 

14. 

140 

.011 

60 

61 

380 

3600 

14. 

130 

.011 

60 

61 

380 

3100 

14. 

110 

.011 

60 

61 

370 

3000 

14. 

110 

.011 

58 

51 

360 

3200 

13. 

120 

.011 

57 

C‘ 

360 

3100 

13. 

110 

.011 

57 

5i 

340 

3200 

13. 

120 

.0096 

53 

5; 

320 

2300 

12. 

85 

.0093 

51 

5' 

300 

2900 

11. 

no 

.0090 

48 

41 

300 

3600 

11. 

130 

.0088 

48 

41 

300 

3400 

11. 

130 

.0088 

48 

4! 

290 

2200 

11. 

81 

.0088 

48 

4! 

280 

2300 

10. 

85 

.0080 

44 

U 

270 

2400 

10. 

89 

.0079 

43 

43 

260 

2300 

9.6 

85 

.0075 

41 

41 

250 

2300 

9.3 

85 

.0072 

39 

31 

250 

2600 

9.3 

96 

.0072 

39 

35 

240 

1700 

8.9 

63 

.0069 

38 

3£ 

230 

2200 

8.5 

81 

.0069 

36 

36 

230 

2100 

8.5 

78 

.0065 

36 

36 

220 

1900 

8.1 

70 

.0065 

36 

36 

220 

1500 

8.1 

56 

.0065 

34 

34 

190 

1900 

7.0 

70 

.0056 

30 

3C 

190 

1700 

7.0 

63 

.0056 

30 

3C 

190 

1800 

7.0 

67 

.0055 

30 

3G 

180 

1300 

6.7 

48 

.0052 

28 

28 

150 

1500 

5.5 

56 

.0043 

24 

24 

140 

1500 

5.2 

56 

.0043 

23 

23 

130 

830 

4.8 

31 

.0038 

20 

20 

130 

1300 

4.8 

48 

.0037 

20 

20 

130 

1300 

4.8 

48 

.0037 

20 

20 

120 

960 

4.4 

36 

.0033 

19 

19 

110 

1000 

4.1 

37 

.0033 

13 

18 

110 

720 

4.1 

27 

.0030 

17 

17 

100 

850 

3.7 

31 

.0030 

17 

17 

100 

750 

3.7 

28 

.0029 

IS 

15 

98 

840 

3.6 

31 

.0028 

15 

15 

90 

960 

3.3 

36 

.0027 

14 

14 

83 

860 

3.1 

32 

.0023 

13 

13 

80 

810 

3.0 

30 

.0023 

13 

13 

UCI/XG  REPRESENTS  HItSOCURIES  OF  RADIONUCLIDE  PER  XILOGRAF1  OF  TOTAL  BOOT  WEIGHT. 

HBQ/KG  REPRESENTS  HFGA8EQUERELS  OF  RADIONUCLIDE  PER  XILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DATS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT;  D,  £,  OR  S  INDICATE  THE  DOG  DIED.  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUOEI 


SETA  RADIATION  DOSE  TO  LUNG 

TE  (GY/HI N)  CUMULATIVE  (GY) 

lAL  AT  DEATH  INFIN.  TO  DEATH 

DEATH 

DATE 

DAYS  TO 
DEATH 

COMMENT 

1 

60 

60 

81247 

4014 

D-LYMPHOSARCCMA, LIVER 

1 

60 

60 

82146 

4074 

E-CRAL  MELANOSARCCHA 

1 

60 

60 

82036 

3964 

E- MAMMARY  CARCINOMA 

1 

58 

58 

81195 

4089 

0  - PULHQNAR  Y  F I  BROS  I S ; CAR  C I  NOMA , LUNG 

1 

57 

57 

84213 

5366 

E -  BRONCHIOLOALVEOLAR  CARC I  NOMA , LUNG 

57 

57 

80231 

3923 

O-HEMOLYTIC  ANEMIA 

53 

53 

82295 

4258 

0-CQNGESTIVE  HEART  FAILURE 

?3 

51 

51 

83062 

4559 

E-INTERSTITIAL  PNEUMONIA 

?0 

48 

48 

79189 

3351 

D-UREHIA 

:s 

48 

48 

80197 

3598 

D-INTERSTITIAL  PNEUMONIA 

13 

48 

48 

81124 

3722 

E -LYMPHOSARCOMA, LIVER 

iS 

43 

48 

83341 

4964 

E-ADENOCARCINCMA, MAMMARY  GLAND 

10 

44 

44 

84221 

4914 

E-AOENOCARCINOHA, NASAL 

”9 

43 

43 

86013 

5437 

E- CARC I  NOMA, LUNG 

75 

41 

41 

81290 

4056 

D-RENAL  TUMORS 

n 

39 

39 

85254 

5608 

E-HEMAHGIOSARCCMA, MUSCLE 

■*2 

39 

39 

84164 

4821 

D-SflUAMOUS  CELL  CARCINOMA , TONS IL 

33 

38 

80325 

4014 

E-AOENCCARCINOHA, MAMMARY  GUnD 

36 

36 

83034 

4707 

O-AOENOCARCINCMA, JEJUNUM 

^5 

36 

36 

81263 

4318 

D-RENAL  AMYLOIDOSIS 

')5 

36 

36 

85089 

5665 

E-CARCINOMA, LUNG 

^5 

34 

34 

82209 

4136 

D-EPILEPSY 

;6 

30 

30 

80293 

4042 

D-MENINGIOMA 

36 

30 

30 

82105 

4236 

E- PITUITARY  TUMOR 

•5 

30 

30 

82134 

4096 

E-lYMPHOSARCOMA 

'2 

23 

23 

82348 

4310 

0 - H I STEOCYT I C  LYMPHOSARCOMA , L I VER 

•3 

24 

24 

85019 

5372 

E-CARCINCMA, MAMMARY  GLAND 

3 

23 

23 

79058 

3219 

0-ENCEPHALITIS 

:8 

20 

20 

81189 

4303 

E- THROMBOEMBOLISM 

'7 

20 

20 

86086 

5678 

E-OEGENERATIVE  DISC  DISEASE 

J 

20 

20 

87006 

5759 

E-LYMPHOSARCCMA,SICIM 

Z 

19 

19 

81230 

3792 

0-ENOCMETRITIS;CARCINOMA,LUMG 

3 

18 

18 

84349 

5499 

O-COHGESTIVE  HEART  FAILURE 

0 

17 

17 

83266 

4762 

D-ENTERITIS 

.0 

17 

17 

82018 

4497 

E-OISC  PROTRUSION 

:9 

15 

IS 

84122 

4814 

E-CARCINOMA, MAMMARY  GLAND 

8 

15 

15 

82288 

4250 

D - H 1 STEOCYT IC  LYMPHOSARCCMA , SPLEEN 

7 

14 

14 

81042 

3934 

0-PROSTATITIS;CARCIHCMA,SALIVARY 

3 

13 

13 

81235 

4177 

0-HEPATIC  DEGENERATION 

3 

13 

13 

82208 

4628 

D-PANCREATIC  ISLET  CELL  CARCINOMA 

82084 

4567 

E-RENAL  ATROPHY 

81005 

4123 

E-NECROTIZING  ARTERITIS 

82174 

4601 

E-CARCIMCMA,LUMG 

85265 

5788 

D-CCNGESTIVE  HEART  FAILURE 

83223 

4850 

E-CARCINCMA,LUNG 

85154 

5512 

E-NEPHROSCLEROSIS 

83179 

4680 

0-CARCINOMA,LUNG 

85114 

5346 

E- CARC I  NOMA, LUNG 

86041 

5470 

0-THROM8OSIS,LUMG 

83067 

4400 

E -  OSTEOSARCOMA , SACRUM; CARC I  NOMA , PROSTATE 

31090 

3653 

0-ACCIDENTAL  DEATH 

84080 

4743 

D-NEPHRITIS, CHRONIC 

URE. 

MIHENT 

FIHOIHGS  ARE  INCLUDED. 

145 


A.8  ®’Y  in  Fused  Aluminosilicate  Particles,  Longevity  Study 


INHALATION  EXPOSURE  DOSE  RATE  C 

DOG  IDENTIFICATION  .  I.B.B.  I.L.B.  . 


TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

AGE 

DAYS 

UT 

KG 

HBQ/KG 

HBQ 

RANK  UCI/KG 

UCI 

H8Q/KG 

HSO 

INITIAL 

60 

DAYS 

120 

DAYS 

386T 

04-759 

F 

0 

70154 

400 

13.5 

37. 

520. 

01 

360 

4900 

13. 

180. 

9.9 

4.4 

375a 

01-722 

H 

A 

70079 

369 

10.4 

32. 

330. 

02 

320 

3300 

12. 

120. 

8.8 

3.6 

1.5 

38AA 

02-758 

H 

c 

70153 

404 

12.0 

28. 

340. 

03 

300 

3600 

11. 

130. 

8.3 

3.9 

1.8 

383S 

01-760 

F 

8 

70155 

409 

11.0 

31. 

340. 

04 

300 

3300 

11. 

120. 

8.3 

3.6 

1.5 

384S 

02-759 

F 

8 

70154 

405 

10.9 

26. 

280. 

05 

300 

3300 

11. 

120. 

8.2 

3.6 

1.6 

372A 

03-724 

H 

A 

70082 

380 

11.2 

25. 

280. 

06 

270 

3100 

10. 

110. 

7.5 

3.2 

1.3 

384B 

03-758 

K 

C 

70153 

404 

10.2 

24. 

240. 

07 

260 

2700 

9.6 

100. 

7.2 

3.2 

1.4 

392U 

01-761 

F 

D 

70156 

368 

9.4 

17. 

160. 

08 

260 

2400 

9.6 

89. 

7.1 

3.2 

1.4 

3a5A 

03-759 

H 

C 

70154 

401 

11.0 

13. 

140. 

09 

230 

2600 

8.5 

96. 

6.4 

2.8 

1.2 

393S 

01-758 

F 

8 

70153 

362 

10.8 

14. 

160. 

10 

210 

2300 

7.8 

85. 

5.7 

2.5 

1.1 

374A 

03-722 

K 

A 

70079 

369 

10.8 

11. 

110. 

11 

200 

2100 

7.4 

78. 

5.3 

2.4 

1.1 

387V 

02-760 

F 

0 

70155 

399 

7.1 

15. 

ICO. 

12 

190 

i3ro 

7.0 

48. 

5.2 

2.3 

1.0 

489C 

01-951 

H 

K 

71257 

382 

7.6 

13. 

100. 

13 

190 

1500 

7.0 

56. 

5.2 

2.2 

0.96 

A84E 

01-953 

M 

K 

71259 

398 

9.1 

11. 

100. 

14 

180 

1700 

6.7 

63. 

5.1 

2.1 

0.90 

423C 

03-835 

M 

E 

70342 

391 

8.9 

8.5 

74. 

15 

170 

1500 

6.3 

56. 

4.6 

2.0 

0.86 

426S 

04-834 

F 

F 

70341 

386 

7.9 

12. 

96. 

16 

170 

1300 

6.3 

48. 

4.3 

1.9 

0.81 

491A 

04-952 

M 

I 

71258 

368 

9.8 

14. 

140. 

17 

170 

1700 

6.3 

63. 

4.7 

2.0 

0.34 

483T 

04-951 

F 

L 

71257 

396 

6.4 

10. 

63. 

18 

170 

1100 

6.3 

41, 

4.5 

2.0 

0.88 

484S 

03-952 

F 

J 

71258 

397 

7.2 

14. 

96. 

19 

170 

1200 

6.3 

44. 

4.5 

1.9 

0.82 

3748 

01-724 

H 

A 

70082 

372 

9.4 

12. 

110. 

20 

160 

1500 

5.9 

56. 

4.3 

1.9 

0.82 

3850 

01-759 

H 

C 

70154 

401 

9.4 

13. 

120. 

21 

160 

1500 

5.9 

56. 

4.3 

1.9 

0.84 

385S 

04-753 

F 

8 

70153 

400 

8.8 

17. 

150. 

22 

150 

1300 

5.5 

48. 

4.0 

1.3 

0.78 

4200 

01-334 

H 

0 

70341 

401 

10.9 

13. 

140. 

23 

150 

1700 

5.5 

63. 

4.2 

1.9 

0.84 

419V 

04-835 

F 

H 

70342 

415 

7.1 

6.3 

44. 

24 

150 

1100 

5.5 

41. 

4.2 

1.8 

0.79 

491 B 

01-952 

H 

I 

71258 

368 

9.0 

7.4 

67. 

25 

150 

1300 

5.5 

48. 

4.1 

1.7 

0.72 

390V 

02-761 

F 

0 

70156 

376 

7.6 

17. 

130. 

26 

140 

1100 

5.2 

41. 

3.8 

1.7 

0.77 

492A 

03-956 

H 

I 

71264 

374 

11.3 

11. 

120. 

27 

140 

1500 

5.2 

56. 

3.7 

1.5 

0.60 

422C 

02-834 

H 

E 

70341 

397  10.8 

7.4 

81. 

28 

130 

1400 

4.8 

52. 

3.7 

1.6 

0.69 

4S5U 

02-951 

F 

J 

71257 

394 

6.2 

8.1 

52. 

29 

130 

830 

4.8 

31. 

3.6 

1.5 

0.65 

489B 

01-954 

H 

K 

71260 

386 

10.0 

8.9 

89. 

30 

130 

1300 

4.8 

48. 

3.6 

1.5 

0.64 

420U 

01-836 

F 

F 

70343 

403 

7.3 

9.3 

67. 

31 

120 

880 

4.4 

33, 

3.3 

1.5 

0.66 

4208 

01-837 

H 

G 

70344 

404 

10.4 

7.8 

81. 

32 

120 

1300 

4.4 

48. 

3.3 

1.5 

0.64 

422S 

02-835 

F 

H 

70342 

398 

11.3 

10.  ■ 

120. 

33 

120 

1400 

4.4 

52. 

3.3 

1.4 

0.58 

490T 

02-952 

F 

J 

71258 

369 

7.9 

5.2 

41. 

34 

120 

920 

4.4 

34. 

3.2 

1.4 

0.62 

430A 

01-835 

H 

E 

70342 

372 

11.6 

21. 

240. 

35 

110 

1200 

4.1 

44. 

3.0 

1.3 

0.60 

425T 

03-834 

F 

F 

70341 

387 

8.2 

13. 

110. 

36 

110 

940 

4.1 

35. 

3.3 

1.4 

0.61 

484V 

04-953 

F 

L 

71259 

398 

6.0 

6.7 

41. 

37 

no 

680 

4.1 

25. 

3.0 

1.3 

0.56 

3768 

02-724 

H 

A 

70082 

370 

.8.4 

10. 

85. 

38 

110 

900 

4.1 

33. 

3.0 

1.3 

0.56 

422S 

03-838 

H 

E 

70348 

404 

11.4 

5.9 

67. 

39 

110 

1200 

4.1 

44. 

2.9 

1.3 

0.56 

428A 

02-841 

H 

G 

70351 

393 

9.4 

7.4 

70. 

40 

no 

1100 

4.1 

41. 

3.1 

1.3 

0.57 

4848 

03-951 

« 

I 

71257 

396 

8.6 

6.3 

56. 

41 

no 

930 

4.1 

34. 

2.9 

1.2 

0.52 

489S 

02-956 

F 

J 

71264 

390 

8.1 

6.7 

52. 

42 

110 

890 

4.1 

33. 

3.0 

1.3 

0.52 

387S 

01-767 

F 

0 

70162 

406 

7.7 

12. 

96. 

43 

100 

800 

3.7 

30. 

2.8 

1.2 

0.51 

419T 

02-838 

F 

F 

70348 

421 

7.8 

9.3 

70. 

44 

100 

800 

3.7 

30. 

2.8 

1.2 

0.54 

490S 

03-954 

F 

L 

71260 

372 

8.1 

7.0 

56. 

45 

100 

850 

3.7 

31. 

2.9 

1.2 

0.51 

390T 

04-766 

F 

8 

70161 

381 

8.6 

7.4 

63. 

46 

97 

830 

3.6 

31. 

2.6 

1.2 

0.51 

4830 

02-953 

H 

I 

71259 

398 

7.7 

5.2 

41. 

47 

94 

720 

3.5 

27. 

2.5 

1.1 

0.48 

490A 

02-954 

M 

K 

71260 

372 

9.2 

5.5 

52. 

48 

92 

840 

3.4 

31. 

2.5 

1.1 

0.45 

492S 

04-956 

F 

J 

71264 

374 

8.0 

10. 

85. 

49 

90 

720 

3.3 

27. 

2.5 

0.94 

0.36 

BETA  RADIATION  DOSE  TO  LUNG 


DOSE  RATE  (CY/DAY) 


CUMULATIVE  (GY) 


60 

120 

365 

AT 

60 

120 

365 

POTENT. 

TO 

DEATH 

DAYS  TO 

•;y. 

INITIAL 

DAYS 

DAYS 

DAYS 

DEATH 

DAYS 

DAYS 

DAYS 

INFIN. 

death 

DATE 

DEATH 

COMMENT 

9.9 

4.4 

2.1 

410 

730+ 

570 

70267 

113 

D-PULMONARY  INJURY 

1 

B.8 

3.6 

1.5 

1.1 

350 

490 

590* 

510 

70219 

140 

D-PULHONARY  INJURY 

8.3 

3.9 

1.8 

0.69 

350 

510 

650* 

600 

70347 

194 

O-PULMONARY  INJURY 

8.3 

3.6 

1.5 

0.85 

340 

480 

590->- 

530 

70317 

162 

D-PULHONARY  INJURY 

r'i 

8.2 

3.6 

1.6 

0.51 

340 

480 

600+ 

560 

70356 

202 

D-PULHONARY  INJURY 

7.5 

3.2 

1.3 

0.53 

30 

430 

520+ 

490 

70267 

185 

D-PULHONARY  INJURY 

7.2 

3.2 

1.4 

0.30 

300 

430 

530+ 

510 

71024 

236 

D-PULMONARY  INJURY 

7.1 

3.2 

1.4 

0.91 

290 

420 

530+ 

460 

70309 

153 

D-PULHONARY  INJURY 

■*4.- 

6.4 

2.8 

1.2 

0.59 

260 

380 

460+ 

420 

70327 

173 

D-PULHONARY  INJURY 

f 

5.7 

2.5 

1.1 

0.48 

230 

330 

410+ 

370 

70330 

177 

D-PULHONARY  INJURY 

f 

5.3 

2.4 

1.1 

0.75 

220 

320 

400+ 

340 

70226 

147 

O-PULMONARY  INJURY 

i 

5.2 

2.3 

1.0 

0.96 

210 

300 

330+ 

310 

70278 

123 

O-PULHONARY  INJURY 

1 

5.2 

2.2 

0.96 

0.078 

210 

300 

370 

37C 

72190 

298 

O-PULMONARY  INJURY 

5.1 

2.1 

0.90 

0.24 

200 

290 

350+ 

340 

72107 

213 

D-PULMONARY  INJURY 

4.6 

2.0 

0.86 

0.49 

190 

270 

330+ 

290 

71137 

160 

o-pulmonary  injury 

4.3 

1.9 

0.81 

0,28 

180 

250 

310+ 

290 

71172 

196 

D-PULHONARY  INJURY 

4.7 

2.0 

0.84 

0.29 

190 

270 

330+ 

310 

72089 

196 

d-pulmonary  injury 

4.5 

2.0 

0.88 

0.041 

180 

270 

330 

330 

72238 

346 

d-pulmonary  injury 

Ji' 

4.5 

1.9 

0.82 

0,39 

180 

260 

320+ 

290 

72065 

172 

O-PULMONARY  INJURY 

4.3 

1.9 

0.82 

0,64 

180 

250 

310+ 

260 

70219 

137 

O-PULMONARY  INJURY 

Mi 

4.3 

1.9 

0.84 

0.36 

ISO 

260 

320+ 

290 

70335 

181 

O-PULMONARY  INJURY 

4.0 

1.8 

0.78 

0.097 

160 

240 

290 

290 

71062 

274 

D-PULHONARY  INJURY 

I 

4.2 

1.9 

0.84 

0.55 

170 

250 

310+ 

270 

71128 

152 

D-PULHONARY  INJURY 

4.2 

1.8 

0.79 

0.50 

170 

240 

300+ 

270 

71130 

153 

O-PULMONARY  INJURY 

M 

4.1 

1.7 

0.72 

0.30 

160 

230 

280+ 

260 

72074 

181 

E-PULMONARY  INJURY 

f 

3.8 

1.7 

0.77 

0.13 

160 

230 

290+ 

280 

71043 

252 

E-PULMONARY  INJURY 

f- 

3.7 

1.5 

0.6C 

0.14 

140 

200 

240+ 

230 

72115 

216 

O-PULHONARY  INJURY 

3.7 

1.6 

0.69 

0.30 

150 

210 

260+ 

240 

71155 

179 

D-PULMONARY  INJURY 

■I 

3.6 

1.3 

0.65 

.019 

150 

210 

250 

250 

250 

74276 

1115 

0-8RONCHIOLOALVEOLAR  CARCINOMA 

I 

3.6 

1.5 

0.64 

.019 

140 

200 

250 

250 

250 

75234 

1435 

E-HEMANGIOSARCOMA,TBLN;  B. A. CARCINOMA 

3.3 

1.5 

0.66 

0.42 

140 

200 

250+ 

220 

71137 

159 

E-PULHCNARY  INJURY 

4'- 

3.3 

1.5 

0.64 

0.30 

140 

200 

240+ 

220 

71153 

174 

d-pulmonary  injury 

3.3 

1.4 

0.58 

0.27 

130 

190 

230+ 

210 

71150 

173 

O-PULMONARY  INJURY 

f 

3.2 

1.4 

0.62 

.022 

130 

190 

230 

230 

230 

76293 

1861 

o-bronchiolcalveolar  carcinoma 

3.0 

1.3 

0.60 

0.059 

120 

180 

220 

220 

71272 

295 

E-PULMONARY  INJURY 

5.3 

1.4 

0.61 

.020 

130 

190 

230 

230 

230 

74268 

1388 

d-aoenocarcinoma,brochogen;c 

ife 

3.0 

1.3 

0.56 

.015 

120 

180 

210 

210 

210 

75173 

1380 

E-COMBINEO  SOUAM.CELL-B.A.CARr. 

•-04:' 

3.0 

1.3 

0.56 

.018 

0.00004 

120 

170 

210 

210 

210 

72162 

810 

D-PULHOHARY  INJURY 

2.9 

1.3 

0.56 

.020 

120 

170 

210 

210 

210 

732u3 

1011 

D-PULMONARY  INJURY 

1 

3.1 

1.3 

0.57 

.018 

0.00016 

130 

130 

220 

220 

220 

72325 

704 

O-PULHONARY  INJURY 

m 

2.9 

1.2 

0.52 

.015 

120 

170 

200 

200 

200 

75138 

1342 

d-bronchioloalveolar  carcinoma 

3.0 

1.3 

0.52 

.015 

120 

170 

200 

210 

210 

76321 

1883 

E-8RONCHIOLOALVEOLAR  CARCINOMA 

i 

2.8 

1.2 

0.51 

.016 

110 

160 

200 

200 

200 

77119 

2514 

o-bronchioloalveolar  carcinoma 

■m 

2.8 

1.2 

0.54 

0.35 

110 

170 

200+ 

*30 

71135 

152 

O-PULHONARY  INJURY 

fi 

2.9 

1.2 

0.51 

0.15 

no 

160 

200+ 

190 

72101 

206 

D-PULMONARY  VASCULAR  INJURY 

i 

2.6 

1.2 

0.51 

.018 

110 

160 

190 

190 

190 

76307 

2337 

e-bronchioloalveolar  carcinoma 

■l 

2.5 

1.1 

0.48 

.016 

100 

150 

180 

ISO 

180 

79319 

2982 

E- CARCINOMA, LUNG 

2.5 

1.1 

0.45 

0.43 

100 

140 

180+ 

150 

72019 

124 

0- PULMONARY  VASCULAR  INJURY 

g 

2.5 

0.74 

0.36 

.0070 

95 

130 

150 

150 

150 

81035 

3424 

0- CARCINOMA, LUNG 

146 


A.8  ia  Fused  Aluminosilicate  Particles,  Longevity  Study  (continued) 


INHALAIIOH  EXPOSURE  DOSE  RATE  (GT/DA 

DOG  IDEHTtFICATlON  .  I.S.B.  l.L.B.  . 


TATTOO  AN-EXPT 

SEX 

BLOCK  DATE 

AGE 

DAYS 

UT 

KG 

HSa/KG 

N8Q 

RANK  UCI/KC 

UCI  H3Q/KG 

MSQ 

INITIAL 

60 

DAYS 

120 

DAYS 

36 

DA 

428S 

03-837 

F 

H 

70344 

386 

7.1 

7.8 

56. 

50 

89 

640 

3.3 

24. 

2.5 

1.1 

0.51 

.02 

4840 

01-956 

M 

I 

71264 

401 

7.7 

6.3 

48. 

51 

88 

670 

3.3 

25. 

2.4 

1.0 

0.44 

.01 

488U 

03-953 

F 

L 

71259 

389 

8.5 

4.4 

41. 

52 

87 

740 

3.2 

27. 

2.4 

1.0 

0.45 

.01 

420A 

04-841 

H 

E 

70351 

411 

12.4 

7.8 

96. 

53 

32 

1000 

3.0 

37. 

2.2 

1.1 

0.51 

.02 

383C 

01-766 

H 

C 

70161 

415 

10.1 

5.9 

59. 

54 

80 

820 

3.0 

30. 

2.2 

0.95 

0.41 

.01 

432A 

04-838 

H 

E 

70348 

367 

9.7 

4.8 

44. 

55 

80 

780 

3.0 

29. 

2.2 

0.99 

0.44 

.01 

426A 

01-838 

H 

G 

70348 

393 

11.5 

5.9 

70. 

56 

79 

910 

2.9 

34. 

2.2 

0.96 

0.42 

.01 

48SU 

04-954 

F 

J 

71260 

398 

6.6 

4.8 

32. 

57 

76 

500 

2.8 

19. 

2.1 

0.98 

0.46 

.02 

422T 

03-841 

F 

F 

70351 

407 

9.9 

8.5 

85. 

58 

75 

740 

2.8 

27. 

2.0 

0.93 

0.42 

.01 

42SS 

04-837 

F 

K 

70344 

39C 

10.5 

10. 

100. 

59 

73 

760 

2.7 

28. 

2.0 

0.88 

0.39 

.01 

491S 

02-958 

F 

j 

71265 

376 

8.1 

4.1 

33. 

60 

69 

560 

2.6 

21. 

1.9 

0.75 

0.30 

.OC 

426T 

02-837 

F 

F 

70344 

389 

7.4 

7.4 

56. 

61 

67 

490 

2.5 

18. 

1.8 

0.79 

0.34 

.01 

487B 

01-958 

H 

K 

71265 

396 

7.2 

5.2 

37. 

62 

59 

430 

2.2 

16. 

1.6 

0.72 

0.32 

.01 

391T 

02-766 

F 

0 

70161 

375 

8.4 

7.0 

59. 

63 

59 

500 

2.2 

19. 

1.6 

0.70 

0.31 

.01 

382B 

03-766 

H 

C 

70161 

417 

6.8 

4.4 

31. 

64 

57 

390 

2.1 

14. 

1.6 

0.69 

0.30 

.01 

431A 

01-839 

H 

E 

70349 

376 

10.1 

3.7 

37. 

65 

49 

500 

1.8 

19. 

1.3 

0.59 

0.26 

.OC 

492C 

03-958 

H 

I 

71265 

375 

7.2 

3.4 

24. 

66 

47 

340 

1.7 

13. 

1.3 

0.54 

0.23 

421T 

02-836 

F 

F 

70343 

402 

9.6 

4.4 

. 

67 

45 

430 

1.7 

16. 

1.2 

0.54 

0.24 

.OC 

489T 

04-958 

F 

L 

71265 

391 

7.7 

3.6 

28. 

68 

44 

340 

1.6 

13. 

1.2 

0.50 

0.21 

.OC 

396X 

03-767 

F 

B 

70162 

363 

7.9 

7.4 

59. 

69 

44 

340 

1.6 

13. 

1.2 

0.57 

0.27 

.01 

430C 

04-836 

M 

G 

70343 

373 

7.9 

3,3 

26. 

70 

42 

340 

1.6 

13. 

1.1 

0.48 

0.20 

.OC 

428T 

02-840 

F 

H 

70350 

392 

5.7 

4.1 

23. 

71 

41 

230 

1.5 

8.5 

1.1 

0.49 

0.22 

.OC 

4888 

04-959 

H 

I 

71266 

396 

8.1 

2.1 

17. 

72 

39 

310 

1.4 

11. 

1.0 

0.47 

0.21 

.00 

372B 

02-722 

H 

A 

70079 

377 

11.6 

10. 

110. 

73 

35 

400 

1.3 

15. 

0.93 

0.38 

0.15 

.OC 

387U 

02-767 

F 

B 

70162 

406 

7.8 

3.4 

27. 

74 

34 

260 

1.3 

9.6 

0.91 

0.39 

0.17 

.OC 

396S 

04-767 

F 

0 

70162 

363 

8.8 

2.9 

26. 

75 

33 

300 

1.2 

11. 

0.93 

0.42 

0.19 

.00 

4890 

02-959 

M 

K 

71266 

392 

9.6 

2.4 

23. 

76 

33 

320 

1.2 

12. 

0.91 

0.37 

0.15 

.OC 

424S 

03-839 

F 

H 

70349 

398 

9.3 

1.4 

13. 

77 

31 

290 

1.1 

11. 

0.85 

0.37 

0.16 

.OC 

488$ 

01-960 

F 

J 

71267 

397 

7.3 

2.8 

21. 

78 

31 

230 

1.1 

8.5 

0.85 

0.37 

0.16 

.00 

384A 

03-763 

H 

c 

70159 

405 

11.0 

1.4 

16. 

79 

30 

330 

1.1 

12. 

0.83 

0.37 

0.17 

.OC 

374A 

03-725 

H 

A 

70084 

372 

8.4 

1.5 

13. 

80 

29 

240 

1.1 

8.9 

0.80 

0.34 

0.15 

.OC 

420D 

03-836 

H 

E 

70343 

403 

9.3 

4.1 

37. 

81 

27 

250 

1.0 

9.3 

0.72 

0.32 

0.15 

.OC 

429S 

04-839 

F 

F 

70349 

382 

10.2 

3.2 

33. 

82 

27 

270 

1.0 

10. 

0.72 

0.32 

0.14 

.OC 

484T 

03-960 

F 

L 

71267 

406 

6.3 

2.5 

16. 

83 

27 

180 

1.0 

6.7 

0.73 

0.30 

0.12 

.OC 

383V 

04-763 

F 

D 

70159 

413 

7,3 

1.9 

14. 

84 

23 

170 

0.S5 

6.3 

0.64 

0.27 

0.11 

.00 

422A 

02-839 

H 

G 

70349 

405 

11.6 

1.4 

16. 

85 

19 

230 

0.70 

8.5 

0.53 

0.23 

0.096 

.OC 

425A 

01-840 

H 

G 

70350 

396 

9,1 

2.1 

19. 

86 

19 

180 

0.70 

6.7 

0.52 

0.23 

0,10 

.OC 

487S 

04-960 

F 

J 

71267 

398 

6.6 

1.7 

11. 

87 

19 

130 

0.70 

4,8 

0.52 

0.23 

0.099 

.OC 

420S 

04-840 

F 

H 

70350 

410 

7.6 

1.6 

12. 

83 

18 

140 

0.67 

5.2 

0.50 

0.23 

0.11 

.00 

382C 

02-763 

M 

C 

70159 

415 

7.4 

1.0 

7.4 

89 

18 

130 

0.67 

4.8 

0.49 

0.21 

0.091 

.OC 

487A 

03-959 

H 

I 

71266 

397 

3.1 

1.1 

8.9 

90 

16 

130 

0.59 

4,8 

0.42 

0.19 

0.083 

.00 

472B 

02-960 

H 

K 

71267 

377 

8.9 

1.1 

10. 

91 

16 

140 

0,59 

5.2 

0.43 

0.18 

0.078 

.00 

485  T 

01-959 

F 

L 

71266 

404 

7.4 

1.0 

7.4 

92 

16 

120 

0.59 

4.4 

0.41 

0.19 

0.086 

.00 

373A 

02-725 

H 

A 

70084 

378 

9.0 

1,4 

12. 

93 

15 

140 

0.55 

5.2 

0.42 

0.18 

0.074 

.00 

382W 

01-763 

F 

3 

70159 

413 

7.8 

1.6 

13. 

94 

14 

110 

0.52 

4.1 

0.39 

0.16 

0.066 

.00 

423U 

03-840 

F 

F 

70350 

399 

8.3 

1.3 

8.1 

95 

13 

110 

0.48 

4.1 

0.35 

0.15 

0.066 

.00 

432B 

01-841 

H 

E 

70351 

370 

8.1 

0.93 

7.8 

96 

11 

92 

0.41 

3.4 

0.31 

0.14 

0.065 

.00 

370A 

01-725 

M 

A 

70084 

393 

9.6 

C 

3SIB 

03-755 

H 

C 

70147 

414 

11.2 

C 

385T 

01-755 

F 

B 

70147 

394 

8.1 

C 

389W 

02-755 

F 

D 

701'  7 

331 

8,4 

C 

420T 

01-833 

F 

H 

703;., 

393 

3.7 

C 

424A 

02-833 

M 

E 

70333 

387 

9.8 

c 

423U 

04-833 

F 

F 

70338 

380 

6.3 

c 

431S 

03-833 

H 

G 

70338 

365 

9.2 

c 

483A 

02-950 

M 

K 

71256 

395 

9.1 

c 

485  S 

03-950 

F 

J 

71256 

394 

8.3 

c 

488C 

04-950 

M 

I 

71256 

386 

8.2 

c 

488T 

01-950 

F 

L 

71256 

386 

8.6 

c 

************************** 


UCl/KG  REPRESENTS  HICROCURIES  OF  RAOIONUCIIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

MBQ/KG  REPRESENTS  MEGA8EOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  IN 


BETA  RADIATION  DOSE  TO  LUNG 


DOSE  RATE  (GT/DAY)  CUMULATIVE  (GY) 

60  120  365  AT  60  120  365  POTENT.  TO  DEATH  DAYS  TO 

INITIAL  DAYS  DAYS  DAYS  DEATH  DAYS  DAYS  DAYS  INfIN.  DEATH  DATE  DEATH  COMMENT 


2.5 

1.1 

0.51 

.020 

100 

ISO 

190 

190 

2.4 

1.0 

0.44 

.014 

96 

140 

170 

170 

2.4 

1.0 

0.45 

.013 

97 

140 

170 

170 

2.2 

1.1 

0.51 

.024 

0.011 

95 

140 

180 

180 

2.2 

0.95 

0.41 

.013 

90 

130 

160 

160 

2.2 

0.99 

0.44 

.017 

90 

130 

160 

160 

2.2 

0.96 

0.42 

.015 

89 

130 

160 

160 

2.1 

0.98 

0.46 

.021 

88 

130 

160 

170 

2.0 

0.93 

0.42 

.017 

as 

120 

150 

160 

2.0 

U.88 

0.39 

.014 

81 

120 

140 

150 

1.9 

0.75 

0.30 

.0075 

74 

100 

120 

120 

1.8 

0.79 

0.34 

.012 

74 

110 

130 

130 

l.t 

C.72 

0.32 

.012 

67 

97 

120 

120 

1.6 

0.70 

0.31 

.010 

65 

94 

120 

120 

1.6 

0.69 

0.30 

.011 

64 

92 

110 

110 

1.3 

0.59 

0.26 

.0089 

55 

79 

97 

97 

1.3 

0,54 

0.23 

0.093 

52 

74 

90* 

1.2 

0.54 

0.24 

.0091 

50 

72 

90 

91 

1.2 

0.50 

0.21 

.0060 

47 

67 

81 

82 

1.2 

0.57 

0.27 

.012 

51 

75 

95 

96 

1.1 

0.48 

0.20 

.0058 

46 

65 

73 

79 

1.1 

0.49 

0.22 

.0076 

45 

65 

.11 

81 

1.0 

0.47 

0.21 

.0078 

43 

62 

77 

78 

0.93 

0.38 

0.15 

.0037 

37 

52 

61 

62 

0.91 

0.39 

0.17 

.0059 

37 

53 

64 

64 

0.93 

0.42 

0.19 

.0075 

38 

56 

70 

70 

0.91 

0.37 

0.15 

.0041 

36 

51 

61 

61 

0.85 

0.37 

0.16 

.0058 

35 

50 

62 

62 

0.85 

0.37 

0.16 

.0050 

34 

49 

60 

60 

0.83 

0.37 

0.17 

.0063 

34 

49 

61 

62 

0.80 

0.34 

0.15 

.0055 

32 

46 

56 

56 

0.72 

0.32 

0.15 

.0055 

30 

43 

54 

54 

0.72 

0.32 

0.14 

.0048 

30 

42 

52 

53 

0.73 

0.30 

0.12 

.0030 

29 

40 

48 

48 

0.64 

0.27 

0.11 

.0036 

26 

36 

44 

44 

0.53 

0.23 

0.096 

.0029 

21 

31 

37 

37 

0.52 

0.23 

0.10 

.0039 

21 

31 

39 

39 

0.52 

0.23 

0.099 

.0042 

21 

30 

38 

38 

O.jO 

0.23 

C.11 

.0045 

21 

31 

30 

39 

0.49 

0.21 

0.091 

.0037 

20 

23 

35 

35 

0.42 

0.19 

0.083 

.0030 

17 

25 

31 

31 

0.43 

0.18 

0.078 

.0023 

17 

25 

30 

30 

0.41 

0.19 

0.086 

.0035 

17 

25 

31 

31 

0.42 

0.18 

0.074 

.0027 

1/ 

24 

29 

29 

0.39 

0.16 

0.066 

.0028 

16 

22 

26 

26 

0.35 

0.15 

0.066 

.0022 

14 

20 

25 

25 

0.31 

0.14 

0.065 

.0026 

13 

19 

24 

24 

190 

77163 

2376 

O-SQUAMOUS  CELL  CARCINOMA, LUNG 

170 

80207 

3230 

0-CARCINOMA,LUNG 

170 

77356 

2289 

D-SQUAMOUS  CELL  CARCINOMA,  LUNG 

180 

72047 

426 

O-PULMO-IARY  INJURY 

160 

77353 

2749 

E-SOUAHOUS  CELL  CARC.  AND  OSTEOSARC. ,LUNC 

160 

80198 

3502 

E-CARCINUMA,LUNG 

160 

75135 

1613 

O-COMBINED  SQUAMOUS  CELL-B-A-CXRCINOMA 

170 

79228 

2890 

O-PULMONARY  INJURY 

160 

78212 

2783 

D-a-A-CARCINOMA  AND  OSTEOSARCOMA, LUNG 

150 

78263 

2841 

E-SQUAMOUS  CELL-B-A-CARCINOMA,LUNG 

120 

80358 

3380 

E-CARCINCMA,LUNG 

130 

80340 

3648 

E -CARC 1  NOMA . MAMMARY; CARC 1  NOMA , LUNG 

120 

84206 

4689 

E-BRONCHIOLOALVEOLAR  CARC I  NOMA, LUNG 

120 

81169 

4026 

E-CARCINCMA, ADRENAL  CORTEX 

110 

80115 

3606 

D-CARCINOMA,LUNG 

97 

76005 

1847 

E-HEHANCIOSARCOMA, SPLEEN 

83 

72083 

183 

O-PULMONARY  VASCULAR  INJURY 

91 

84019 

4789 

E-FIBROMAS, VAGINA 

82 

86055 

5269 

E-VERTEBRAL  FRACTURE 

96 

79021 

3146 

E-HEMANGIOSARCOMA, HEART 

79 

82337 

4377 

D-CARCINOMA, COLON 

81 

84284 

5047 

E-ADENOCARCINCMA, MAMMARY  GLAND 

78 

86359 

5572 

0- CARC I  NOMA, LUNG 

62 

80270 

3843 

D-GRANUIOMATOUS  INFECTION 

64 

81182 

4038 

E-CARCINOMA, MAMMARY  GLAND 

70 

83165 

4751 

D-CARCINCMA,LUN0 

61 

84344 

4826 

O-CONGESTIVE  FAILURE, HEART 

62 

82307 

4341 

E-CARCINOHA,LUNG 

60 

86294 

5506 

O-SEPTICE.MIA 

62 

83124 

4713 

E- CAR Cl  NOMA, LUNG 

56 

79187 

3390 

E- TUMOR,  NASAL  CAVITY 

54 

86220 

5721 

E-HEART  FAILURE 

53 

84047 

4811 

E-BRONCHIOLOALVEOLAR  CARCINOMA, LUNG 

48 

83105 

4221 

D-CARCINOMA, LUNG 

44 

83221 

4810 

E-ADENOCARCI NOMA, MAMMARY 

37 

86129 

5624 

E-CARCINOMA, LUNG 

39 

79125 

3062 

E-TUHOR,  PITUITARY 

38 

63270 

4376 

E-CARCINCMA, LUNG 

39 

82177 

4210 

D-CARCINCMA, BLADDER 

35 

84182 

5136 

E- ADENOCARCINOMA, LUNG 

31 

83115 

4232 

E-CARC1NCMA,LUNG 

30 

84117 

4598 

E-ADENOCARCINCMA, PERIANAL  GLAND 

31 

85204 

5052 

D-ADENOCARCINOMA, MAMMARY  GL.ANO 

29 

84043 

5072 

D-HEART  FAILURE 

26 

84103 

5057 

e-pyometra 

25 

84138 

4901 

E-NEPHRITIS, CHRONIC 

24 

83040 

4437 

e-cholmngio  hepatitis 

82091 

4390 

E-ACCIDENTAL  DEATH 

86245 

5942 

E-AOENOMA, PITUITARY 

83178 

4779 

E-AOENOCARCINOHA, MAMMARY 

82171 

4407 

O-PYOMETRA 

85165 

5386 

e-interstitial  nephritis 

85079 

5220 

E-PROLAPSED  DISC 

85017 

5153 

E-MALIGNANT  MELANOMA, MOUTH 

79080 

3029 

D-UNOETERMINED 

85312 

5170 

E-NEPHROSCLEROSIS 

82001 

3763 

D-LYMPHCADENCPATHY 

86144 

5367 

D-REHAL  CALCULI 

80332 

3363 

O-CARCINOMA, BLADDER 

EXPOSURE. 
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PROMINENT  FINDINGS  ARE  INCLUDED. 


A.9  *"*^06  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (Series  I) 


BETA 


IHHALATIOM  EXPOSURE  DOSE  RATE  (GY/OAY 

DOG  IDENTlflCATIOM  .  l.B.B.  I.L.B.  . . 


BLOCK 

DATE 

AGE 

DAYS 

WT 

KG 

INITIAL 

60 

120 

TATTOO  AH-EXPT 

SEX 

M8Q/KG 

HBQ 

RANK  UCI/KG 

UCI 

M8Q/KG 

MSQ 

DAYS 

DAYS 

CAY 

22SB 

02-490 

M 

c 

68029 

372 

8.4 

20. 

170. 

01 

210 

1700 

7.8 

63. 

13. 

8.8 

7.2 

210B 

01-474 

M 

A 

67348 

419 

7.9 

16. 

130. 

02 

190 

1500 

7.0 

56. 

11. 

8.6 

6.7 

2Q9B 

02-474 

H 

A 

67348 

421 

9.1 

11. 

100. 

03 

190 

1700 

7.0 

63. 

10. 

7.7 

6.1 

2088 

01-478 

F 

8 

67355 

432 

11.0 

17. 

190. 

04 

180 

2000 

6.7 

74. 

10. 

8.4 

6.7 

211G 

02-478 

F 

o 

67355 

424 

7.5 

10. 

#4. 

03 

120 

890 

4.4 

33. 

6.9 

5.3 

4.2 

226C 

01-490 

H 

C 

68029 

374 

7.8 

11. 

89. 

06 

96 

740 

3.6 

27. 

5.5 

4.2 

3.2 

217A 

01-491 

M 

C 

68030 

407 

8.8 

4.8 

41. 

07 

68 

600 

2.5 

22. 

3.8 

2.9 

2.2 

211A 

03-473 

M 

A 

67347 

416 

8.1 

3.7 

30. 

08 

66 

540 

2.4 

20. 

3.8 

2.9 

2.3 

211E 

03-477 

f 

B 

67354 

423 

8.6 

4.4 

41. 

09 

51 

440 

1.9 

16. 

2.9 

2.2 

1.7 

.6 

228A 

02-491 

M 

c 

68030 

373 

9.9 

2.5 

25. 

10 

34 

330 

1.3 

12. 

1.9 

1.4 

1.1 

.4 

2110 

02-473 

H 

A 

67347 

416 

7.1 

2.0 

14. 

11 

27 

190 

1.0 

7.0 

1.5 

1.0 

0.74 

.2 

211F 

02-477 

F 

8 

67354 

423 

8.7 

1.4 

12. 

12 

19 

170 

0.70 

6.3 

1.1 

0.79 

0.60 

.Z 

223A 

03-491 

M 

c 

68030 

382 

9.8 

1.3 

12. 

13 

15 

150 

0.55 

5.5 

0.89 

0.60 

0.4v 

.1 

2080 

01-477 

c 

S 

67354 

431 

5.9 

0.96 

5.5 

14 

15 

91 

0.55 

3.4 

0.89 

0.68 

0.53 

.Z 

2Q9C 

01-473 

H 

A 

67347 

420 

9.0 

1.0 

8.9 

15 

11 

100 

0.41 

3.7 

0.64 

0.49 

0.38 

.1 

208A 

01-476 

M 

A 

67353 

430 

8.9 

C 

2090 

02-476 

F 

8 

67353 

426 

7.9 

C 

220C 

01-<.92 

M 

C 

68032 

391 

10.2 

c 

UCI/XG  REPRESENTS  HICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

MSQ/KG  REPRESENTS  MEGASEQUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

+  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  I 


BETA  RADIATION  DOSE  TO  LUNG 


DOSE  RATE  (GY/DAY)  CUMULATIVE  DOSE  (GY) 


• 

£0 

120 

365 

AT 

60 

120 

365 

POTENT. 

TO 

DEATH 

DAYS  TO 

INITIAL 

DAYS 

DAYS 

DAYS 

DEATH 

OATS 

OATS 

DAYS 

INFIN. 

DEATH 

DATE 

DEATH 

COMMENT 

13. 

8.8 

7.2 

7.0 

640 

1100 

6700+ 

1300 

68172 

143 

D-PULMONARY  INJURY 

11. 

8.6 

6.7 

5.3 

580 

1000 

2700+ 

1400 

68156 

173 

D-PULMONARY  INJURY 

10. 

7.7 

6.. 

4.7 

530 

940 

2400+ 

1300 

68164 

181 

D-PULMONARY  INJURY 

10. 

8.4 

6.7 

5.5 

560 

1000 

2900+ 

1400 

68172 

182 

O-PULMONARY  INJURY 

6.9 

5.3 

4.2 

3.4 

370 

650 

1700+ 

840 

68161 

171 

O-PULMONARY  INJURY 

5.5 

4.2 

3.2 

2.4 

290 

510 

1200+ 

700 

68218 

189 

E-PULMONARY  INJURY 

3.8 

2.9 

2.2 

1.7 

200 

360 

830+ 

480 

68216 

186 

O-PULMONARY  INJURY 

3.8 

2.9 

2.3 

1.2 

200 

360 

880+ 

580 

68239 

257 

0-PULHONARY  INJURY 

2.9 

2.2 

1.7 

.66 

0.57 

150 

270 

530 

720+ 

560 

69033 

410 

D-PULMONARY  INJURY 

1.9 

1.4 

1.1 

.42 

C.Q15 

98 

170 

340 

460 

460 

71252 

1318 

E-HEMANGIOSARCCMA,LUNG 

0 

1.5 

1.0 

0.74 

.24 

0.012 

76 

130 

230 

300+ 

290 

71071 

lias 

D - HEMANG I OSARCOMA , LUNG 

3 

1.1 

0.79 

0.60 

.23 

56 

97 

190 

250 

250 

76317 

3250 

E-OSTEOSARCOMA, LUNG 

3 

0.89 

0.60 

0.44 

.16 

44 

75 

140 

190 

190 

74309 

2471 

E-HEHANGIOSARCOMA,BONE 

; 

0.89 

0.68 

0.53 

.20 

47 

83 

170 

220 

220 

74193 

2396 

D-HEMANGIOSARCOMA, TSLN. 

7 

0.64 

0,49 

0.38 

.'5 

34 

60 

120 

160 

160 

79143 

4179 

E-LYHPHOMA, VISCERAL 

82323 

5454 

0-renal  atrophy 

80183 

4578 

0-RENAL  AMYLOIDOSIS 

81042 

4759 

E-SQUAMOUS  CELL  CARCINOMA, TONSIL 

N  EXPOSURE. 

Y.  PROMINENT  FINDINGS  ARE  INCLUDED. 


A.IO  *'*^Ce  io  Fused  Aluminosilicate  Particles,  Longevity  Study  (Series  II) 


INHALATION  EXPOSURE 


DOSE  RATE  (C 


DOG  IDENTIFICATION  .  I.B.B.  I.L.B. 


TATTOO  AN-EXPT 

cev 

BLOCK 

DATE 

AGE 

DAYS 

UT 

KG 

MBO/KG 

HSQ 

RANK 

UCl/KG 

UCI 

HSQ/KG 

H8Q 

INITIAL 

60 

DAYS 

0 

315V 

02-595 

F 

0 

69149 

398 

7.2 

6.3 

44. 

01 

66. 

470. 

2.4 

17. 

3.7 

2.7 

2988 

02-586 

M 

A 

69121 

399 

9.1 

4.8 

44. 

02 

65. 

590. 

2.4 

22. 

3.7 

2.9 

327A 

01-642 

H 

E 

69213 

387 

9.4 

4.4 

41. 

03 

56. 

520. 

2.1 

19. 

3.2 

2.4 

479U 

04-947 

F 

L 

71225 

379 

6.8 

6.7 

44. 

04 

54. 

360. 

2.0 

13. 

3.2 

1.9 

.57 

330S 

02-642 

F 

F 

69213 

374 

8.3 

4.1 

34. 

05 

53. 

440. 

2.0 

16. 

3.0 

2.3 

297S 

03-586 

F 

B 

69121 

402 

10.4 

6.3 

67. 

06 

46. 

470. 

1.7 

17. 

2.7 

2.0 

.6C 

470A 

03-947 

H 

K 

71225 

397 

11.0 

2.5 

27. 

07 

44. 

480. 

1.6 

18. 

2.7 

2.0 

465S 

03-918 

F 

J 

71176 

382 

7.9 

3.7 

30. 

08 

41. 

330. 

1.5 

12. 

2.4 

1.8 

46SA 

04-918 

M 

I 

71176 

382 

11.4 

2.3 

26. 

09 

41. 

460. 

1.5 

17. 

2.3 

1.8 

330U 

03-641 

F 

F 

69212 

373 

6.0 

3.1 

19. 

10 

37. 

220. 

1.4 

8.1 

2.2 

1.5 

.43 

315A 

01-595 

M 

C 

69149 

398 

10.9 

4.8 

15. 

11 

35. 

380. 

1.3 

14. 

2.0 

1.3 

.43 

330B 

04-641 

H 

E 

69212 

373 

6.3 

2.7 

17. 

12 

34. 

220. 

1.3 

8.1 

2.0 

1.4 

.3J 

303A 

01-586 

M 

A 

69121 

422 

9.5 

2.8 

27. 

13 

33. 

320. 

1.2 

12. 

1.9 

1.4 

454A 

03-883 

H 

G 

71106 

402 

8.8 

2.5 

22. 

14 

32. 

280. 

1.2 

10. 

1.9 

1.4 

.31 

453S 

04-883 

F 

H 

71106 

408 

8.0 

1.4 

11. 

15 

29. 

230. 

1.1 

8.5 

1.7 

1.3 

.41 

4648 

01-918 

M 

I 

71176 

385 

9.4 

1.7 

16. 

16 

27. 

250. 

1.0 

9.3 

1.6 

1.1 

.21 

310T 

02-594 

F 

0 

69148 

421 

8.9 

4.8 

41. 

17 

26. 

230. 

0.96 

8.5 

1.5 

1.1 

.33 

460S 

02-918 

F 

J 

71176 

419 

7.9 

3.0 

23. 

18 

24. 

190. 

0.29 

7.0 

1.5 

0.97 

.27 

480S 

02-947 

F 

L 

71225 

373 

8.3 

1.9 

16. 

19 

24. 

200. 

0.89 

7.4 

1.5 

1.0 

.21 

3128 

03-594 

H 

C 

69148 

399 

9.0 

1.8 

16. 

20 

24. 

210. 

0.89 

7.8 

1.4 

1.0 

.31 

29SS 

03-585 

F 

B 

69120 

398 

10.4 

2.3 

24. 

21 

23. 

240. 

0.85 

8.9 

1.3 

0.97 

.21 

4S5B 

01-883 

H 

G 

71106 

402 

11.7 

2.2 

26. 

22 

19. 

220. 

0.70 

8.1 

1.1 

0.83 

.23 

471A 

01-947 

H 

K 

71225 

397 

7.5 

1.3 

9.6 

23 

19. 

ISO. 

0.70 

5.5 

1.2 

0.80 

.27 

453T 

02-883 

F 

H 

71106 

408 

6.4 

1.7 

11. 

24 

18. 

110. 

0.67 

4.1 

1.0 

0.75 

.2C 

315U 

01-594 

F 

0 

69148 

397 

8.3 

1.9 

16. 

25 

18. 

150. 

0.67 

5.5 

1.0 

0.77 

.21 

304S 

01-585 

F 

B 

69120 

386 

7.4 

1.3 

9.6 

26 

17. 

120. 

0.63 

4.4 

0.98 

0.72 

.21 

3113 

03-593 

» 

C 

69147 

400 

9.3 

0.74 

7.0 

27 

14. 

130. 

0.52 

4.8 

0.79 

0.57 

.14 

328T 

02-641 

F 

F 

69212 

385 

10.6 

0.96 

10. 

23 

13. 

140. 

0.48 

5.2 

0.76 

0.55 

.i; 

467A 

03-916 

M 

I 

71175 

373 

12.2 

0.96 

11. 

29 

13. 

160. 

0.48 

5.9 

0.77 

0.55 

.14 

467T 

04-946 

F 

L 

71224 

422 

6.4 

0.67 

4.4 

30 

13. 

81. 

0.48 

3.0 

0.78 

0.55 

.17 

297B 

02-585 

M 

A 

69120 

401 

9.6 

1.9 

18. 

31 

12. 

110. 

0.44 

4.1 

0.68 

0.45 

.14 

3260 

01-641 

H 

E 

69212 

391 

9.4 

0.67 

6.3 

32 

12. 

110. 

0.44 

4.1 

0.70 

0.51 

.14 

463A 

02-916 

H 

I 

71175 

411 

10.9 

0.74 

8.1 

33 

12. 

130. 

0.44 

4.8 

0.74 

0.50 

.14 

480B 

03-946 

M 

K 

71224 

372 

8.2 

0.74 

6.3 

34 

11. 

91. 

0.41 

3.4 

0.68 

0.46 

.14 

454S 

04-882 

F 

H 

71105 

401 

9.6 

1.5 

14. 

35 

10. 

95. 

0.37 

3.5 

0.60 

0.44 

.17 

4S4E 

03-882 

« 

G 

71105 

401 

8.9 

0.73 

7.0 

36 

9.8 

87. 

0.36 

3.2 

0.60 

0.42 

.17 

305V 

02-584 

F 

B 

69119 

382 

6.9 

0.67 

4.4 

37 

9.8 

67. 

0.36 

2.5 

0.57 

0.37 

.11 

460T 

04-916 

F 

J 

71175 

418 

7.4 

1.1 

12. 

38 

9.5 

70. 

0.35 

2.6 

0.56 

0.42 

.17 

3273 

01-640 

M 

E 

69211 

385 

9.0 

0.59 

5.2 

39 

8.0 

72. 

0.30 

2.7 

0.46 

0.32 

.01 

323V 

02-640 

F 

F 

69211 

408 

7.8 

0.44 

3.4 

40 

7.8 

60. 

0.29 

2.2 

0.45 

0.33 

.01 

303B 

03-584 

M 

A 

69119 

389 

6.7 

0.63 

4.4 

41 

7.6 

51. 

0.28 

1.9 

0..44 

0.34 

.17 

3103 

C2-593 

F 

0 

69147 

420 

9.1 

0.35 

3.2 

42 

6.3 

57. 

0.23 

2.1 

0.36 

0.26 

.07 

469S 

02-946 

F 

L 

71224 

397 

7.2 

0.48 

3.4 

43 

5.8 

42. 

0.21 

1.6 

0.35 

0.26 

.0! 

4783 

01-946 

H 

K 

71224 

379 

9.6 

0.37 

3.7 

44 

5.7 

54. 

0.21 

2.0 

0.33 

0.26 

.01 

3088 

01-593 

H 

C 

69147 

402 

10.3 

0.27 

2.8 

45 

5.4 

55. 

0.20 

2.0 

0.31 

0.23 

.0( 

454C 

01-882 

H 

G 

71105 

401 

9.5 

0.52 

4.8 

46 

5.4 

51. 

0.20 

1.9 

0.32 

0.24 

.01 

464T 

01-916 

F 

J 

71175 

384 

7.4 

0.44 

3.2 

47 

5.0 

37. 

0.19 

1.4 

0.29 

0.21 

.01 

455T 

02-882 

F 

H 

71105 

401 

10.4 

0.59 

6.3 

48 

4.9 

51. 

0.18 

1.9 

0.30 

0.21 

.0! 

313S 

01-593 

F 

0 

69160 

411 

7.9 

0.30 

2.4 

49 

2.4 

19. 

0.089 

0.70 

0.14 

0.098 

.07 

BETA  RADIATION  DOSE  TO  LUNG 


DOSE  RATE  (GY/DAY) 


^0  365  AT  60 

DAYS  DAYS  DEATH  DAYS 


2.7 

2.9 

2.4 

1.9 

.57 

2.3 

2.0 

.60 

2.0 

1.8 

1.3 

1.5 

.43 

1.3 

.43 

1.4 

.38 

1.4 

1.4 

.31 

1.3 

.41 

1.1 

.29 

1.1 

.33 

0.97 

.27 

1.0 

.29 

1.0 

.31 

0.97 

.29 

0.83 

.23 

0.80 

.22 

0.75 

.20 

0.77 

.21 

0.72 

.21 

0.57 

.16 

0.55 

,15 

0.55 

.14 

0.55 

.17 

0.45 

.14 

0.51. 

.14 

0.50 

.14 

0.46 

.14 

0.44 

.12 

0.42 

.12 

0.37 

.10 

0.42 

.12 

0.32 

.097 

0.33 

.092 

0.34 

.12 

0.26 

.077 

0.26 

.080 

0.26 

.083 

0.23 

.00028 

0.24 

.067 

0.21 

.053 

0.21 

.050 

0.098 

.029 

1.3 

190. 

1.5 

200. 

0.99 

170. 

0.12 

140. 

0.91 

150. 

0.15 

140. 

0.69 

140. 

0.91 

120. 

0.66 

120. 

0.032 

no. 

0.060 

95. 

100. 

0.74 

98. 

0.012 

98. 

0.018 

89. 

0.0030 

80. 

0.079 

77. 

72. 

0.0091 

73. 

0.0015 

72. 

63. 

58. 

57. 

53. 

54. 

0.00018 

50. 

0.00060 

40. 

39. 

39. 

39. 

33. 

36, 

36. 

33. 

0.0013 

31. 

30. 

46. 

29. 

23. 

0.00010 

23. 

23. 

18. 

18. 

18. 

16. 

17. 

15. 

15. 

7.0 

CUMULATIVE  DOSE  (GY) 


365  POTENT.  TO 
DAYS  INFIN.  DEATH 


DEATH  DAYS  TO 
DATE  DEATH  COmENT 


890.  ♦ 

530. 

70030 

246 

O-PULMONARY  INJURY 

1000.  ♦ 

570. 

69355 

234 

O-PUIHONARY  INJURY 

840.  ♦ 

500. 

70121 

273 

O-PULHONARY  INJURY 

470. 

620.  ♦ 

590. 

n284 

790 

E-HEHAHGIOSARCOHA,LUNG 

710.  ♦ 

500. 

70127 

279 

0-PUlHONARY  INJURY 

500. 

660.  ♦ 

610. 

71141 

750 

E-HE.NANGIOSARC.  AND  FIBROSARC  ,LUNG 

530.  ♦ 

410. 

72135 

275 

D-PULHONARY  INJURY 

460.  ♦ 

280. 

71361 

185 

O-WLMONARY  INJURY 

570.  ♦ 

410. 

72122 

311 

O-PUlHONARY  INJURY 

360. 

470.  ♦ 

460. 

72194 

1077 

E-HEHANGIOSARCOMA.LUNG 

330, 

460.  » 

430. 

71335 

916 

O-HEHANGIOSARC.  AND  B-A-CARCINOMA, LUNG 

340. 

440. 

440. 

75334 

2313 

0-H£H-SARC.,SITE  UNO. ;B-A-CARC. , LUNG 

390.  . 

240. 

69314 

193 

O-PUIMONARY  VASCULAR  INJURY 

310. 

380. 

380. 

74238 

1228 

D-PULMONARY  THROMBOSIS; AMYLOIDOSIS 

330. 

440.  ♦ 

430. 

74236 

1226 

D-HEN-SARC. -8 -A-CARC. -BRONCHO. CA. , LUNG 

260. 

330. 

330. 

75238 

1523 

B-BRONCHIOLOALVEOLAR  CARCINOMA 

270, 

360.  ♦ 

340. 

71183 

765 

E-HEMANGIOSARCOMA.LUNG 

230. 

300. 

300. 

76160 

1810 

0-HIXED  TUMOR, LUMG:B-A-CARCINOMA 

250. 

320. 

320. 

750  1  7 

1253 

E-SOUAMOUS  CELL  CARCINOMA, NASAL  CAVITY 

250. 

340. 

340. 

74217 

1895 

D-I«HANGI0SARCGMA,  SPLEEN 

230. 

320. 

320. 

77199 

3001 

E-mXED  TUMOR, LUNG;  OSTEOSARCOMA, LUNG 

2C0. 

260. 

260. 

77C93 

2179 

0-EPILEPSY 

190. 

250. 

250. 

77216 

2183 

E-HEMANGIOSARCOMA.BONE 

180. 

230. 

230. 

78277 

2728 

E-HEMANGIOSARCCMA, SPLEEN 

180. 

240. 

240. 

80092 

3961 

D-Ai)ENOCARCINOMA,LUNG 

170. 

230. 

230. 

75  256 

2327 

D-HEMANGIOSARCOHA,  LIVER 

140. 

180. 

180. 

74  295 

1974 

e-hehangiosarccma,both  humeri 

130. 

170. 

170. 

79365 

3805 

E-GASTRCENTEROPATHY 

13. 

160. 

160. 

76112 

1763 

o-hemamgiosarccma,tblh 

140. 

180. 

180. 

76147 

1749 

O-ACCIOENTAL  DEATH 

110. 

150. 

150. 

76065 

2501 

0-PLEURITIS  (NOCAROIA  SP.) 

120. 

160. 

160. 

782C5 

3280 

E-HEHANGI0SARC0MA,TBLM 

120, 

150. 

150. 

79102 

2549 

O-HEMANGIOSARCOMA,  HEART 

110. 

150. 

150. 

82125 

3919 

E-HENANGI0SARC.,T8LN, -CARCINOMA,  LUNG 

100. 

130. 

130. 

75171 

1527 

D-HEMANGIOSARCOMA, HEART 

TOO. 

130. 

130. 

77278 

2365 

E-HEMANGIOSARCOMA, DERMIS 

120, 

120. 

120. 

85021 

5746 

D-CARCINOMA,SKIH 

100. 

130. 

130. 

80189 

3301 

E-CHRONIC  TRACHITIS 

78. 

110. 

110. 

82316 

4853 

E-CARCINOMA, LUNG 

79. 

100. 

100. 

75127 

2107 

D-HEHANGI0SARCCMA,T8LH 

86. 

120. 

120. 

76133 

2570 

E-HEHANGIOSARCOMA,  LIVER 

63. 

85. 

85. 

81049 

4285 

E-CARCINOMA,  LUNG 

64. 

86. 

36. 

83235 

4394 

E-INTERSTITIAL  NEPHRITIS;LUNC  CARC. 

64. 

67. 

87. 

78169 

2502 

D-HENANGIOSARCOMA,TSLN 

57. 

77, 

77. 

82342 

4943 

D-MTXARDIAL  DECENERATION;LUNG  TUMOR 

57. 

78, 

78. 

78301 

2753 

E-HEHANGIOSARCOMA, DISSEMINATED 

48. 

62, 

62. 

62112 

3955 

D-PTOMETRA  AND  HEMANGIOMA, TBLN 

47. 

60, 

60. 

76072 

1793 

E-HEHANGIOSARCOMA, SITE  UNOEIERMINEO 

24. 

32. 

32. 

79257 

3749 

0-HEMANGIOSAfiCOMA,TBLN 

149 


I 

BETA 

RADIATION 

DOSE  TO 

LUNG 

DOSE  RATE 

(GY/DAY) 

CUMULATIVE  DOSE  (GY) 

60 

365 

AT 

60 

365 

POTENT. 

TO 

DEATH 

DAYS  TO 

DAYS 

DAYS 

DEATH 

DAYS 

DAYS 

INFIN. 

DEATH 

DATE 

DEATH 

1  ,2 

0.089 

.028 

6.2 

22. 

30. 

30. 

81162 

4410 

0.086 

.025 

5.9 

21. 

27. 

27. 

85238 

5178 

0.079 

.025 

5.4 

19. 

26. 

26. 

76083 

2479 

^  392 

0.068 

.022 

4.7 

17. 

23. 

23. 

79324 

3841 

S  383 

0.067 

.021 

4.5 

17. 

22. 

22. 

82160 

4698 

PS  373 

0.059 

.019 

3.9 

15. 

20. 

20. 

79132 

3574 

1 

0.052 

.016 

3.6 

13. 

17. 

17. 

80291 

3404 

0.050 

.014 

3.5 

12. 

16. 

16. 

86261 

5517 

-86 

0.050 

.013 

3.4 

12. 

15. 

15. 

87114 

5735 

0.030 

.0096 

2.1 

7.5 

10. 

10. 

81096 

4266 

37 

0.028 

.0084 

1.9 

6.8 

9.1 

9.1 

82285 

4199 

SB  37 

0.023 

.0068 

1.6 

5.6 

7.4 

7.4 

86095 

5400 

0.024 

.0072 

1.7 

5.9 

7.7 

7.7 

84201 

4845 

26 

0.018 

.0051 

1.3 

4.3 

5.7 

5.7 

84226 

5547 

0.018 

.0049 

1.2 

4.2 

5.5 

5.5 

76260 

2682 

^  21 

0.015 

.0042 

1.1 

3.6 

4.7 

4.7 

81127 

4353 

M  22 

0.015 

.0048 

1.1 

3.8 

5.0 

5.0 

81215 

3694 

[fe  19 

0.014 

.0044 

0.96 

3.4 

4.7 

4.7 

83210 

5113 

3^  18 

0.014 

.0047 

0.94 

3.5 

4.8 

4.8 

86030 

5286 

^  U 

0.011 

.0034 

0.74 

2.7 

3.6 

3.6 

84154 

4679 

11 

o.ooao 

.0023 

0.57 

1.9 

2.5 

2.5 

82071 

4685 

11 

0.0087 

.0030 

0.58 

2.2 

3.1 

3.1 

83113 

4392 

K  -  11 

0.0078 

.0026 

0.52 

2.0 

2.7 

2.7 

83187 

4466 

^  T9S 

0.0074 

.0021 

0.50 

1.8 

2.3 

2.3 

88150 

6137 

g  J71 

0.0056 

.0016 

0.38 

1.3 

1.7 

1.7 

81083 

4337 

^  349 

0.0038 

.0011 

0.26 

0.93 

1.2 

1.2 

82096 

3941 

P  347 

0.0037 

.0011 

0.25 

0.88 

1.1 

1.1 

85110 

5002 

1  346 

0.0036 

.0010 

0.24 

0.86 

1.1 

1.1 

79054 

3578 

P  345 

0.0035 

.0010 

0.24 

0.85 

1.1 

1.1 

79323 

3818 

P  337 

0.0029 

.00083 

0.19 

0.69 

0.90 

0.90 

80252 

3366 

§  334 

0.0026 

.00076 

0.18 

0.64 

0.82 

0.82 

86041 

5417 

^  330 

0.C024 

.00068 

0.16 

0.57 

0.74 

0.74 

84227 

5548 

^  326 

0.0020 

.00059 

0.14 

0.49 

0.64 

0.64 

85093 

5808 

1 

0.0019 

.00055 

0.13 

0.46 

0.59 

0.59 

86152 

6205 

1  -23 

0.0018 

.00052 

0.12 

0.44 

0.56 

0.56 

83100 

5004 

^  ;20 

0.0015 

.00044 

0.10 

0.37 

0.48 

0.48 

84054 

5404 

a  ’IS 

0.0012 

.00033 

0.079 

0.28 

0.36 

0.36 

85149 

5837 

§  '12 

0.00093 

.00027 

0.063 

0.22 

0.29 

0.29 

78276 

2612 

11 

0.00083 

.00024 

0.057 

0.20 

0.26 

0.26 

86189 

5496 

11 

0.00083 

.00024 

0.057 

0.20 

0.26 

0.26 

83110 

4390 

DOS 

0.00074 

.00021 

0.050 

0.18 

0.23 

0.23 

80279 

4087 

0S3 

0.00065 

.00019 

0.044 

0.16 

0.20 

0.20 

83007 

4218 

i^j  0^7 

0.00044 

.00013 

0.030 

0.11 

0.14 

0.14 

83215 

5119 

R: g  054 

0.00043 

.00012 

0.029 

0.10 

0.13 

0.13 

82353 

4150 

037 

0.00029 

.000084 

0.020 

0.071 

0.091 

0.091 

84355 

5624 

018 

0.00014 

.000040 

0.0094 

0.034 

0.043 

0.043 

85253 

5264 

014 

0.00011 

.000032 

0.0075 

0.027 

0.035 

0.035 

86154 

5530 

80261 

4151 

83247 

5233 

80323 

4184 

52025 

4617 

1? 

83299 

5203 

Ms 

84100 

5369 

85042 

5057 

P 

82276 

4195 

83180 

4394 

p 

83082 

4296 

86020 

5281 

WMi 

-as 

Mi 

84122 

4652 

INCL-JOED. 

- * 

■ 

■/  ’  ^ 


COMMENT 


D-CONGEST.  HEART  FAIL. /CARCINOMA, LUNG 
E-AOENOCARCINOMA, MAMMARY  GLAND 
O-PERITONITIS  (NOCAROIA  SP.) 

E -ADENOCARCINOMA , BLADDER 
E- CARCINOMA, LUNG 
D-UNOETERMINED 

E -  LYMPHOSARCOMA ,D I SSEMI NATED 
E-PYELONEPHRITIS 
E-NEPHRITIS, KIDNEY 
E-HEHANGIOSARCOMA, SPLEEN 
E-CARCINOMA, THYROID 
0- CARCINOMA, MAMMARY 
E-AOENOCARCINOMA, MAMMARY  GLAND 
E-ADENOCARCINCMA, MAMMARY  GLAND 
D-TRANSITIONAL  CELL  CARCINOMA, BLADDER 
E-CAR. , KID., -LYMPHOSAR, SPLEEN, -CAR., LUNG 
E-PERINEAL  HERNIA 
O-HEMANGIOSARCOMA, SPLEEN 
D-BRONCHIOLITIS 
0-SPONDYLITIS,ACUTE 
E-NECROTIZING  PNEUMONIA 
E-CARCINCMA, MAMMARY  GLAND 
E-PITUITARY  TUMOR 
D-HUSCLE  ASSCESSATION 
E-NECROTIZING  HEPATITIS ;CARC., LUNG 
E-ADENOCARCINOMA, PROSTATE 
0-ENTERITIS 

E-PERIPHERAL  NERVE  TUMOR 
E-CARCINOMA, MAMMARY  GLAND 
O-PYOMETRA 
D-BRONCHOPNEUMONIA 
E-NEPHRITIS, CHRONIC 
E-INTERSTITIAL  NEPHRITIS 
0-EPILEPSY 
0-CARCIN0MA,LUNG 
E-MENINGIOMA, BRAIN 
E-INTERSTITIAL  NEPHRITIS 
D-ACCIOENTAL  DEATH 
E-DISC  PROTRUSION 
E-CARCINOMA, TONSIL 
O-CONGESTIVE  HEART  FAILURE 
E-PITUITARY  TUMOR 
D-HEPATIC  DEGENERATION 
D-CHRONIC  ENTERITIS 
E-CONGESTIVE  HEART  FAILURE 
E-INTERSTITAL  -NEPHRITIS 
D-PULMONARY  FIBROSIS 
O-HEHOLYTIC  ANEMIA 
D-CHRONIC  PANCREATITIS 
0-MAST  CELL  TUMOR, SPLEEN 
D-HYPERAORENOCORTICISH 
D-TRANISITIONAL  CELL  CARC. , BLADDER 
E-NEPHRITIS, CHRONIC 
E-ANKYLOSING  SPONDYLITIS 
O-AOENOCARCINOMA, STOMACH 
E-CARCINOHA,LUNG 
E-LYMPHCSARCCMA, GENERALIZED 
E-HEART, CHRONIC, INFARCTION 
E-ASTROCYTCMA,BRAIM 


150 


A. 10  *'*'*Ce  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (Series  11)  (coatinued) 


0 


INHALATION  EXPOSURE 


DO 


DOG  IDENTIFICATION 

I." 

.B. 

I.L.B. 

AGE 

TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

DAYS 

KG 

MBQ/Ku 

MSQ 

RANK 

UCl/KG 

UCI 

HBQ/KG 

MBO 

INITIAL 

Di 

296B 

01-592 

M 

A 

69135 

418 

10.0 

0.14 

1.4 

50 

2.1 

21. 

0.078 

0.78 

0.12 

0.1 

466V 

04-915 

F 

J 

71174 

380 

7.9 

0.17 

1.3 

51 

2.0 

15. 

0.074 

0.55 

0.11 

0.1 

313C 

02-598 

M 

C 

69160 

411 

9.6 

0.14 

1.4 

52 

1.8 

17. 

0.067 

0.63 

0.10 

o.t 

304T 

02-592 

F 

S 

69135 

401 

7.8 

0.093 

0.70 

53 

1.6 

12. 

0.059 

0.44 

0.092 

0.1 

324V 

03-638 

F 

F 

69210 

402 

7.2 

0.14 

1.0 

54 

1.5 

11. 

0.056 

0.41 

0.083 

0.(' 

331 A 

04-638 

H 

E 

69210 

370 

9.0 

0.081 

0.74 

55 

1.3 

11. 

0.048 

0.41 

0.073 

0.( 

461B 

03-915 

M 

I 

71174 

417 

11.1 

0.11 

1.2 

56 

1.2 

13. 

0.044 

0.48 

0.071 

o.t 

467U 

04-945 

F 

L 

71223 

421 

6.6 

0.10 

0.67 

57 

1.2 

7.5 

0.044 

0.28 

0.067 

o.t 

477A 

03-945 

H 

K 

71223 

380 

11.0 

0.067 

1.1 

58 

1.1 

12. 

0.041 

0.44 

0.066 

o.c 

329C 

03-642 

H 

E 

69213 

386 

8.3 

0.044 

0.37 

59 

0.71 

5.9 

0.026 

0.22 

0.041 

o.t 

453B 

03-881 

H 

G 

71104 

406 

8.1 

0.052 

0.44 

60 

0.63 

5.1 

0.023 

0.19 

0.037 

o.c 

463S 

02-915 

F 

J 

71174 

410 

10.4 

0.023 

0.30 

61 

0.53 

5.5 

0.020 

0.20 

0.037 

o.c 

452U 

04-881 

F 

H 

71104 

416 

8.2 

0.17 

1.4 

62 

0.52 

4.2 

0.019 

0.16 

0.040 

o.c 

314S 

OA-597 

F 

0 

69157 

407 

9.7 

0.030 

0.29 

63 

0.45 

4.4 

0.017 

0.16 

0.026 

o.c 

296U 

02-591 

F 

S 

69134 

417 

8.4 

0.030 

0.25 

64 

O.U 

3.7 

0.016 

0.14 

0.024 

o.c 

313B 

03-597 

H 

c 

69157 

408 

10.1 

0.041 

0.41 

65 

0.37 

3.7 

0.014 

0.14 

0.021 

o.c 

461A 

01-915 

H 

I 

71174 

417 

12.0 

0.018 

0.22 

66 

0.35 

4.3 

0.013 

0.16 

0.022 

o.c 

322V 

02-638 

F 

F 

69210 

409 

6.4 

0.026 

0.16 

67 

0.32 

2.0 

0.012 

0.074 

0.019 

0.0 

476C 

01-945 

M 

K 

71223 

387 

9.0 

0.021 

0.19 

68 

0.30 

2.7 

0.011 

0.10 

0.C18 

0.0 

471S 

02-945 

F 

L 

71223 

395 

6.3 

0.033 

0.21 

69 

0.25 

1.6 

0.0093 

0.059 

0.014 

0.0 

297A 

01-591 

M 

A 

69134 

415 

11.0 

0.014 

0.16 

70 

0.18 

2.0 

0.0067 

0.074 

0.011 

0.0 

4S3U 

02-881 

F 

H 

71104 

406 

5.8 

0.016 

0.039 

71 

0.18 

1.1 

0.0067 

0.041 

0.011 

0.0 

45  7B 

01-881 

H 

G 

71104 

374 

8.3 

0.014 

0.11 

72 

0.17 

1.4 

0.0063 

0.052 

0.011 

0.0 

472W 

02-942 

F 

L 

71222 

390 

8.0 

0.013 

0.11 

73 

0.16 

1.3 

0.0059 

0.048 

0.0095 

0.0 

298U 

02-590 

F 

B 

69129 

407 

9.4 

0.013 

0.13 

74 

0.12 

1.2 

0.0044 

0.044 

0.0071 

0.0 

462C 

02-914 

H 

I 

71173 

409 

9.0 

0.0059 

0.052 

75 

0.083 

0.75 

0.0031 

0.028 

0.0049 

0.0 

4768 

01-942 

M 

K 

71222 

386 

8.5 

0.0041 

0.036 

76 

0.079 

0.67 

0.0029 

0.025 

0.0047 

0.0. 

303S 

02-589 

F 

B 

69128 

398 

8.9 

0.0085 

0.078 

77 

0.077 

0.68 

0.0028 

0.025 

0.0046 

0.0 

308U 

01-597 

F 

0 

69157 

412 

10.1 

0.0048 

0.048 

78 

0.076 

0.77 

0.0028 

0.028 

0.0045 

0.0 

464S 

01-914 

F 

J 

71173 

382 

8.1 

0.0044 

0.037 

79 

0.062 

0.50 

0.0023 

0.019 

0.0037 

0.0 

451T 

04-880 

F 

H 

71103 

415 

8.0 

0.0033 

0.026 

80 

0.057 

0.45 

0.0021 

0.017 

0.0034 

0.0 

310A 

02-597 

M 

c 

69157 

430 

11.5 

0.0078 

0.089 

81 

0.051 

0.59 

0.0019 

0.022 

0.0030 

0.01 

304A 

01-590 

M 

A 

69129 

395 

11.3 

0.0056 

0.063 

82 

O.OU 

0.50 

0.0016 

0.019 

0.0026 

o.ot 

310U 

03-596 

F 

D 

69156 

429 

8.0 

0.011 

0.089 

83 

0.041 

0.33 

0.0015 

0.012 

0.0024 

o.oi 

323T 

05-636 

F 

F 

69209 

386 

8.4 

0.0056 

0.044 

84 

0.039 

0.33 

0.0014 

0.012 

0.0023 

0.01 

306A 

01-589 

M 

A 

69128 

389 

9.5 

0.0070 

0.063 

85 

0.033 

0.31 

0.0012 

0.011 

0.0020 

0.01 

312A 

04-596 

H 

c 

69156 

406 

11.0 

0.0018 

0.020 

86 

0.025 

0.27 

0.00092 

0.010 

0.0015 

0.01 

472U 

02-941 

F 

L 

71221 

389 

8.5 

0.0013 

0.011 

87 

0.020 

0.17 

0.00074 

0.0063 

0.0012 

o.ot 

465B 

01-912 

M 

I 

71172 

373 

11.2 

0.0015 

0.017 

83 

0.018 

0.20 

0.00067 

0.0074 

0.0011 

o.ot 

4500 

03-880 

M 

G 

71103 

419 

11.1 

0.0025 

0.027 

89 

0.018 

0.20 

0.00067 

0.0074 

0.0011 

o.ot 

327D 

06-636 

M 

E 

692U9 

383 

8.7 

0.0029 

0.025 

90 

0.016 

0.14 

0.00059 

0.0052 

0.00095 

o.oc 

462S 

02-912 

F 

J 

71172 

408 

8.1 

0.0015 

0.012 

91 

0.014 

0.11 

0.00052 

0.0041 

0.00083 

o.ot 

327C 

03-636 

M 

E 

69209 

383 

9.4 

0.0023 

0.021 

92 

0.0096 

0.090 

0.00036 

0.0033 

0.00057 

o.oc 

478C 

01-941 

M 

K 

71221 

376 

8.9 

0.00092 

0.0081 

93 

0.0092 

0.081 

0.00034 

0.0030 

0.00054 

o.oc 

324T 

04-636 

F 

F 

69209 

401 

10.8 

0.0020 

0.021 

94 

0.0063 

0.068 

0.00023 

0.0025 

0.00037 

o.oc 

4534 

01-880 

M 

G 

71103 

405 

9.0 

0.00019 

0.0017 

95 

0.0030 

0.027 

0.00011 

0.0010 

0.00018 

o.oc 

452T 

02-880 

F 

H 

71103 

415 

9.4 

0.00C07 

0.0067 

96 

0.0024 

0.023 

0.000089 

0.00085 

0.00014 

o.oc 

303V 

01-588 

F 

B 

69127 

397 

7.5 

C 

3060 

02-588 

H 

A 

69127 

388 

9.4 

c 

308T 

02-596 

F 

D 

69156 

411 

9.3 

c 

310B 

01-596 

H 

C 

69156 

429 

11.0 

c 

322U 

02-636 

F 

F 

69209 

408 

6.8 

c 

3248 

01-636 

M 

E 

69209 

401 

8.8 

c 

450A 

01-878 

M 

G 

71099 

415 

11.8 

c 

452S 

02-878 

F 

H 

71099 

411 

10.2 

c 

464U 

02-911 

F 

J 

71169 

378 

8.9 

c 

467B 

01-911 

M 

I 

71169 

367 

6.9 

c 

477B 

01-940 

H 

K 

71213 

375 

8.7 

c 

479T 

02-940 

F 

L 

71218 

372 

3.0 

c 

UCI/KG  REPRESENTS  MICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  HEIGHT. 

MBO/KG  REPRESENTS  HEGABECUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  Of  TIME  IN  DATS  AFTER  INHALATION  EXPOSURE. 

+  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLU 


A.ll  *'*^Ce  in  Fused  Aluminosilicate  Particles,  SacriHce  Study  (Series  II,  III,  IV) 


INHALATION  EXPOSURE  OOSE  RATE  (GY/ 

DOG  IDENTIFICATION  .  l.B.8.  I.L.B.  . 


--- 

AGE 

WT 

60 

120 

TATTOO  AN-EXPT 

SEX 

SER 

DATE 

DAYS 

KG 

H80/KG 

HBQ 

RANK 

UCI/KG 

uct 

M8Q/KG 

Hea 

INITIAL 

DAYS 

DAYS 

S41S 

01-999 

F 

II 

72103 

395 

7.9 

5.2 

41. 

01 

71 

560 

2.6 

21. 

4.1 

3.1 

2.3 

520A 

02-998 

M 

II 

72102 

427  11.0 

4.8 

52. 

02 

66 

720 

2.4 

27. 

3.7 

2.8 

2.1 

530C 

04-1007 

M 

II 

72115 

417 

9.2 

5.2 

48. 

03 

64 

590 

2.4 

22. 

3.7 

2.6 

2.1 

530B 

01-1002 

H 

II 

72109 

411 

9.5 

3.4 

32. 

04 

60 

560 

2.2 

21. 

3.4 

2.2 

525W 

01-1004 

F 

II 

72111 

428 

7.3 

4,1 

30. 

05 

58 

420 

2.1 

16. 

3.4 

2.5 

1.9 

527A 

03-1007 

H 

II 

72115 

418 

9.2 

2.9 

27. 

06 

54 

500 

2.0 

19. 

3.1 

2.1 

1.6 

521T 

03-998 

F 

II 

72102 

426 

8.7 

3.4 

30. 

07 

52 

450 

1.9 

17. 

3.1 

2.4 

1.8 

526A 

01-1001 

M 

II 

72108 

416 

7.5 

3,6 

27. 

08 

52 

'390 

1.9 

14. 

3.0 

2.0 

5268 

02-1000 

M 

(I 

72104 

412 

5.8 

4.4 

25. 

09 

52 

300 

1.9 

11. 

3.1 

2.2 

1.6 

526S 

01-1007 

F 

II 

72115 

423 

6.6 

3.7 

25. 

10 

51 

330 

1.9 

12. 

2.9 

2.1 

525T 

02-1003 

F 

II 

72110 

427 

8.8 

4.1 

37. 

11 

48 

420 

1.8 

16. 

2.9 

2.1 

1.6 

522T 

03-1003 

F 

II 

72110 

432 

8.0 

5.2 

41. 

12 

48 

380 

1.8 

14, 

2.9 

2.1 

1.6 

525U 

02-1004 

F 

II 

72111 

428 

9.1 

3.3 

30. 

13 

46 

420 

1.7 

16. 

2.8 

1.9 

1.4 

539A 

03-997 

H 

II 

72101 

394 

9.3 

6.4 

41. 

14 

41 

380 

1.5 

14. 

2.4 

1.8 

1.3 

530A 

04-998 

H 

II 

72102 

404 

11.5 

3.1 

35. 

15 

39 

450 

1.4 

17. 

2.3 

1.8 

1.3 

541U 

01-1000 

F 

II 

72104 

396 

7.9 

2.3 

18. 

16 

35 

280 

1.3 

10. 

2.1 

1.4 

1.1 

5350 

03-1000 

H 

II 

72104 

399 

7.7 

2.6 

20. 

17 

34 

260 

1.3 

9.6 

2.0 

1.4 

1.1 

5390 

04-1000 

H 

II 

72104 

397 

7.9 

1.9 

15. 

18 

33 

260 

1.2 

9.6 

1.9 

1.4 

1.0 

522U 

01-998 

F 

II 

72102 

424 

7.8 

3.4 

27. 

19 

33 

250 

1.2 

9^3 

1.9 

1.4 

0.99 

5260 

02-997 

H 

II 

72101 

409 

6.9 

2.5 

17. 

20 

33 

230 

1.2 

8.5 

1.9 

1.3 

0.96 

519S 

04-1004 

F 

II 

72111 

439 

8.3 

2.7 

23. 

21 

32 

270 

1.2 

10. 

1.9 

1,4 

1.0 

524S 

02-1001 

F 

II 

72108 

425 

6.7 

2.0 

14. 

22 

32 

210 

1.2 

7.8 

1.9 

1.3 

1.U 

522S 

04-997 

F 

II 

72101 

423 

8.7 

2.9 

25. 

23 

31 

270 

1,1 

10. 

1,8 

1.4 

1.1 

5278 

02-1002 

H 

II 

72109 

412 

9.3 

2.1 

19. 

24 

31 

290 

1.1 

11. 

1.8 

1.3 

0.95 

532U 

02-1007 

F 

II 

72115 

413 

7.8 

1.6 

12. 

25 

31 

240 

1.1 

8.9 

1.8 

1.3 

0.98 

5218 

03-999 

H 

II 

72103 

427 

7.6 

3.1 

24. 

26 

30 

230 

1.1 

8,5 

1.7 

1.3 

1.0 

536T 

03-1001 

F 

II 

72108 

403 

7.6 

2.4 

19, 

27 

29 

220 

1.1 

8.1 

1.7 

1.2 

0.88 

519T 

03-1004 

F 

II 

72111 

439 

8.7 

3.4 

29. 

28 

28 

240 

1.0 

8.9 

1.7 

1.2 

5270 

01-997 

H 

II 

72101 

404 

7.9 

1.7 

14. 

29 

27 

220 

1.0 

8.1 

1.6 

1.2 

0.90 

519A 

03-1002 

H 

II 

72109 

437 

8.6 

4.1 

35. 

30 

27 

230 

1.0 

8.5 

1.6 

1.2 

0.87 

5^08 

04-1003 

H 

II 

72110 

435 

11.9 

6.7 

78. 

31 

26 

310 

0.96 

11. 

1.6 

1.2 

0.85 

523T 

02-1008 

F 

II 

72116 

435 

6.0 

1.7 

10. 

32 

26 

150 

0.96 

5.5 

1.5 

0.99 

0.73 

5.,3C 

04-1004 

M 

II 

72109 

399 

7.6 

1.6 

12. 

33 

26 

190 

0.96 

7.0 

1.-5 

1.1 

0.84 

520S 

01-1003 

F 

II 

72110 

435 

6.7 

2.5 

17. 

34 

24 

160 

0.89 

5.9 

1.5 

1.1 

0.82 

5260 

02-999 

H 

II 

72103 

411 

5.5 

1.9 

10. 

35 

16 

86 

0.59 

3.2 

0.94 

0.68 

0.51 

541A 

05-1000 

H 

II 

72104 

396 

8.3 

1.0 

8.5 

36 

16 

140 

0.59 

5.2 

0.92 

0.67 

0.51 

5383 

04-1001 

F 

II 

72108 

402 

6.7 

0.89 

5.9 

37 

14 

95 

0.52 

3.5 

0.83 

0.57 

0.42 

533T 

01-1008 

F 

II 

72116 

413 

5.9 

0.74 

4.4 

38 

14 

81 

0.52 

3.0 

0.79 

0.56 

0.41 

523S 

01-995 

F 

II 

72097 

416 

8.8 

0 

533A 

03-995 

H 

II 

72097 

394 

8.3 

0 

5388 

02-995 

M 

II 

72097 

391 

9.3 

0 

540T 

05-995 

F 

II 

72097 

389 

5.7 

0 

542A 

O6-905 

M 

II 

72097 

333 

9.1 

0 

342S 

04-995 

F 

II 

72097 

388 

8.2 

W 

521S 

06-996 

F 

11 

72098 

422 

8.6 

0 

522A 

03-996 

M 

II 

72098 

420 

8.7 

0 

522V 

01-996 

F 

II 

72098 

420 

7.8 

0 

BETA  RAOIATIOH  DOSE  TO  LUNG 


DOSE  RATE  (GY/DAY) 


•-* 

60 

120 

365 

AT 

:q 

INITIAL 

DAYS 

DAYS 

DAYS 

DEATH 

.... 

.... 

.... 

4. , 

3.1 

2.3 

2.2 

3.7 

2.8 

2.1 

1.5 

]  ^ 

3.7 

2.6 

2.1 

1.3 

3.4 

2.2 

1.9 

3.4 

2.5 

1.V 

1.4 

3.1 

2.1 

1.6 

0.99 

3.1 

2.4 

1.8 

1.7 

3.0 

2.0 

1.7 

3.1 

2.2 

1.6 

1.1 

2.9 

2.1 

1.9 

2.9 

M 

1.6 

1.5 

V  c 

2.1 

1.6 

0.99 

O 

1.9 

1.4 

.53 

0.27 

1.8 

1.3 

.48 

0.28 

2.3 

1.8 

1.3 

0.62 

2.1 

1.4 

1.1 

.40 

0.026 

.6 

2.0 

1.4 

1.1 

.44 

0.14 

.6 

1.9 

1.4 

1.0 

.39 

0.099 

.3 

1.9 

1.4 

0,99 

0.94 

.5 

1.9 

1.3 

0.96 

.35 

0.19 

1.9 

1.4 

1.0 

.38 

0.025 

.6 

1.9 

1.3 

1.0 

.42 

0.059 

1.3 

1.4 

1.1 

0,57 

1.8 

1.3 

0.95 

.33 

0.0046 

.*9 

1.8 

1.3 

0.98 

.36 

.5 

1.7 

1.3 

1.0 

.39 

0.028 

.1 

1.7 

1.2 

0.88 

0.50 

.9 

1.7 

1.2 

0.86 

.1 

1.6 

1.2 

0.90 

.36 

0.22 

.5 

1.6 

1.2 

0.87 

.33 

0.042 

1.6 

1.2 

0.85 

.29 

0.054 

's 

1.5 

0.99 

0.73 

.29 

0.17 

0 

1.5 

1.1 

0.84 

.34 

9 

1.5 

1.1 

0.82 

.31 

0.073 

2 

0.94 

0.63 

0.51 

.20 

0.052 

2 

0.92 

0,67 

0.51 

.19 

0,052 

5 

0.83 

0.57 

0.42 

.16 

0 

0.79 

0.56 

0.41 

.16 

CUMULATIVE  DOSE  (CY) 


60 

DAYS 

120 

DAYS 

365 

DAYS 

POTENT. 

INFIN. 

TO 

DEATH 

DEATH 

DATE 

210 

370 

850+ 

390 

72231 

190 

340 

770* 

450 

72283 

190 

330 

990+ 

550 

73005 

170 

870-f 

210 

72189 

180 

310 

700+ 

400 

72290 

150 

260 

750+ 

420 

73003 

160 

290 

680+ 

300 

72230 

150 

750+ 

190 

72189 

160 

270 

550+ 

350 

72284 

150 

740+ 

190 

72196 

150 

260 

580+ 

280 

72241 

150 

260 

760+ 

430 

noo2 

140 

240 

450 

610+ 

530 

73316 

120 

220 

410 

560+ 

470 

73249 

120 

220 

510+ 

370 

73025 

100 

180 

340 

450 

450 

75101 

99 

170 

340 

470+ 

430 

7405  6 

96 

170 

330 

430 

410 

74113 

96 

170 

350+ 

170 

72230 

94 

160 

310 

400+ 

350 

73250 

98 

170 

330 

430 

430 

75106 

93 

160 

330 

450+ 

430 

74294 

95 

170 

400+ 

280 

72357 

92 

160 

300 

390 

390 

76153 

91 

160 

310 

410 

410 

78145 

92 

160 

320 

430 

430 

75106 

86 

150 

390+ 

240 

73002 

86 

330+ 

160 

72241 

84 

150 

290 

410+ 

330 

73257 

81 

140 

280 

370+ 

350 

74295 

82 

140 

270 

360+ 

340 

74267 

73 

120 

240 

320+ 

270 

73264 

78 

140 

270 

360 

360 

80144 

76 

130 

260 

340+ 

320 

74114 

48 

83 

160 

220+ 

200 

74114 

47 

82 

160 

220+ 

200 

74113 

41 

71 

140 

130 

180 

84350 

40 

69 

130 

180 

180 

82303 

72354 

72224 

86171 

83298 

74108 

85316 

86122 

79104 

75104 


DAYS  TO 
DEATH 

COMMENT 

128 

S-PULMONARY 

INJURY 

181 

S'PULHONARY 

INJURY 

256 

S'PUL.HONARY 

INJURY 

80 

S' PULMONARY 

INJURY 

179 

S'PULMONARY 

INJURY 

254 

E -PULMONARY 

INJURY 

128 

S-PULMONARY 

INJURY 

81 

S -PULMONARY 

INJURY 

180 

S-PULMONARY 

INJURY 

81 

S-PULMONARY 

INJURY 

131 

S-PULHONARY 

INJURY 

258 

S-PULHOHARY 

INJURY 

571 

E-PULMONARY 

INJURY 

514 

S-PULMOMARY 

INJURY 

289 

O-PULMONARY 

INJURY 

1093 

S-PULMONARY 

INJURY 

683 

O-PULMONARY 

INJURY 

740 

S-PULHONARY 

INJURY 

128 

S-PULMONARY 

INJURY 

515 

S-PULMONARY 

INJURY 

1091 

S-PULMONARY 

INJURY 

917 

S-PULMOMARY 

INJURY 

256 

S-fULMONARY 

INJURY 

1505 

0  -  HEHAMG I OSARCOMA , LUNG 

2222 

E-HEMANGIOSARCOMA, HEART 

1099 

s-hemamgiosarco«a,lung 

260 

S-PULHONARY 

INJURY 

130 

S-PULHCNARY 

INJURY 

522 

O-PULMONARY 

INJURY 

917 

S-PULMONARY 

INJURY 

888 

O-PULHONARY 

INJURY 

514 

S-PULHONARY 

INJURY 

2957 

e-hehangiosarco«a,lung 

735 

S-PULHONARY 

INJURY 

742 

S-PULHOHARY 

INJURY 

740 

S-PULMONARY 

INJURY 

4625 

O-CARCINOMA. 

LUNG 

3840 

D-INTERSTITIAL  PNEUMONIA 

257 

S-MOR.MAL 

127 

S- NORMAL 

5188 

E-ENTERiTIS 

4219 

D-PULHONARY 

THROMBOSIS 

742 

S- NORMAL 

4968 

E-MEPHROSCLERCSIS 

5138 

E-LYHPHOSARCOMA,  GENERALIZED 

2563 

O-MYOCARDIAL 

INFARCT 

1102 

S-MORMAL 

•  “v* 


A.ll  in  Fused  Aluminosilicate  Particles,  Sacrifice  Study  (Series  II,  III,  IV)  (continued) 


DOG  IDEMTIFICATICM 


INHALATION  EXPOSURE 


AGE  WT 


BETA  RAO  I AT  I C 
DOSE  RATE  (GY /DAY) 


I.8.B. 


I.L.B. 


60  120  365 


AT 


TATTOO 

AN-EXPT 

SEX 

SER 

DATE 

DAiS 

KG 

MBQ/KG 

MBQ 

RANK 

UCI/KG 

UCI 

MBQ/KG 

MBQ 

INITIAL 

DAYS 

DAYS 

DAYS 

DEATH 

530S 

05-996 

F 

II 

72098 

400 

8.6 

C 

5408 

04-996 

H 

tl 

72098 

390 

8.0 

C 

5478 

02-996 

H 

n 

72098 

378 

10.4 

C 

538A 

03-1016 

H 

HI 

72137 

428 

9.1 

3.5 

32. 

01 

69 

630 

2.6 

23. 

3.8 

2.9 

2.2 

1.4 

540U 

01-1013 

F 

III 

72132 

424 

6.6 

5.5 

37. 

02 

59 

390 

2.2 

14. 

3.4 

2.6 

1.9 

1.3 

535T 

01-1015 

F 

III 

72136 

431 

6.3 

9.3 

59. 

03 

50 

320 

1.9 

12. 

2.6 

1.8 

1.3 

0.65 

5358 

03-1019 

M 

III 

72144 

438 

7.8 

5.2 

41. 

04 

50 

390 

1.9 

14. 

2.9 

2.2 

1.7 

1.6 

540S 

04-1019 

F 

III 

72144 

435 

6.5 

8.1 

52. 

05 

50 

320 

1.9 

12. 

2.7 

2.1 

1.6 

1.4 

5398 

02-1014 

M 

III 

72133 

426 

8.6 

3.5 

30. 

06 

48 

410 

1.8 

15. 

2.7 

2.0 

1.5 

0.51 

542C 

03-1014 

M 

III 

72133 

424 

7.8 

4.8 

37. 

07 

48 

380 

1.8 

14. 

2.2 

1.5 

1.1 

.39 

0.042 

547C 

02-1015 

M 

III 

72136 

416 

9.9 

2.8 

28. 

08 

25 

340 

0.93 

13. 

2.0 

1.4 

1.1 

.42 

0.039 

53SA 

01-1019 

M 

III 

72144 

438 

7.9 

3.7 

30. 

09 

34 

270 

1.3 

10. 

1.9 

1.4 

1.0 

0.92 

547T 

04-1014 

F 

III 

72133 

413 

7.1 

3.1 

22. 

10 

32 

230 

1.2 

8.5 

1.8 

1.2 

0.93 

.37 

544T 

02-1019 

F 

III 

72144 

432 

7.4 

3.7 

28. 

11 

32 

230 

1.2 

8.5 

1.8 

1.3 

0.95 

0.84 

530T 

04-1016 

F 

III 

72137 

439 

10.2 

2.7 

27. 

12 

29 

300 

1.1 

11. 

1.6 

1.2 

0.92 

.38 

0.17 

527C 

06-1017 

H 

III 

72140 

443 

10.2 

C 

541W 

04-1017 

F 

III 

72140 

432 

8.7 

C 

544U 

05-1017 

F 

III 

72140 

429 

7.0 

C 

547D 

01-1017 

M 

III 

72140 

420 

7.3 

C 

539C 

01-1018 

H 

III 

72143 

436 

8.5 

C 

S4U 

02-1018 

F 

III 

72143 

435 

8.4 

C 

539T 

03-1013 

F 

IV 

72132 

425 

8.6 

4.4 

37. 

01 

41 

350 

1.5 

13. 

2.2 

1.8 

1.4 

.57 

0.56 

543A 

04-1013 

M 

IV 

72132 

422 

10.8 

3.1 

34. 

02 

33 

250 

1.2 

9.3 

1.9 

1.4 

1.1 

.39 

0.065 

S41V 

02-1016 

F 

IV 

72137 

429 

7.8 

2.6 

20. 

03 

33 

260 

1.2 

9.6 

1.9 

1.3 

1.0 

.41 

0.016 

5428 

01-1016 

M 

IV 

72137 

428 

9.7 

4.1 

41. 

04 

32 

320 

1.2 

12. 

1,9 

1.2 

0.83 

.32 

5438 

01-1014 

M 

IV 

72133 

423 

9.2 

1.6 

15. 

05 

31 

290 

1.1 

11. 

1.8 

1.3 

0.94 

.33 

543S 

02-1013 

F 

IV 

72132 

422 

9.2 

3.7 

35. 

06 

29 

270 

1.1 

10. 

1.5 

1.1 

0.87 

.34 

0.016 

530U 

03-1017 

F 

IV 

72140 

442 

8.5 

C 

538C 

07-1017 

M 

IV 

72140 

434 

7.5 

C 

539S 

02-1017 

F 

IV 

72140 

433 

7.6 

C 

UCI/KG  REPRESENTS  MICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

MBQ/KG  REPRESENTS  MEGABEOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


BETA  RADIATION  DOSE  ,TO  LUNG 


DOSE  RATE  (GY/DAY)  CUMULATIVE  DOSE  (GY) 


60 

120 

365 

AT 

60 

INITIAL  DAYS 

DAYS 

DAYS 

DEATH 

DAYS 

.... 

....  ....... 

.... 

3.8 

2.9 

2.2 

1.4 

200 

3.4 

2.6 

1.9 

1.3 

180 

2.6 

1.8 

1.3 

0.65 

130 

2.9 

2.2 

1.7 

1.6 

150 

2.7 

2.1 

1.6 

1.4 

140 

2.7 

2.0 

1.5 

0.51 

140 

2.2 

1.5 

1.1 

.39 

0.042 

110 

2.0 

1.4 

1.1 

.42 

0.039 

99 

1.9 

1.4 

1,0 

0.92 

97 

1.8 

1.2 

0.93 

.37 

90 

1.8 

1.3 

0.95 

0.84 

92 

1.6 

1.2 

0.92 

.38 

0.17 

84 

2.2 

1.8 

1.4 

.57 

0.56 

120 

1.9 

1.4 

1.1 

.39 

0.065 

98 

1.9 

1.3 

1.0 

.41 

0.016 

94 

1.9 

1.2 

0.83 

.32 

88 

1.8 

1.3 

0.94 

.33 

91 

1.5 

1.1 

0.87 

.34 

0.016 

80 

120 

365 

POTENT. 

TO 

DEATH 

DAYS  TO 

DAYS 

DAYS 

INFIN. 

DEATH 

DATE 

DEATH 

75014 

1012 

74108 

741 

85031 

4682 

350 

820+ 

520 

72350 

213 

310 

720* 

430 

72329 

197 

220 

620* 

410 

73089 

319 

270 

670* 

310 

72286 

142 

250 

600* 

290 

72286 

142 

250 

590* 

460 

73124 

357 

180 

350 

450 

450 

75012 

975 

170 

340 

440 

440 

75035 

995 

170 

380* 

190 

72287 

143 

150 

300 

400 

400 

76334 

1662 

160 

340* 

180 

72237 

143 

150 

290 

410<- 

360 

74018 

612 

76345 

1666 

72350 

210 

75  043 

999 

73127 

353 

72292 

149 

72290 

147 

210 

440 

590* 

440 

73133 

367 

170 

330 

450* 

420 

74297 

896 

160 

320 

440* 

430 

75316 

1275 

150 

280 

360 

360 

81068 

3219 

160 

300 

390 

390 

78096 

2155 

140 

280 

370 

370 

75  2  26 

1190 

87224 

5563 

86248 

5222 

76122 

1443 

COMMENT 


S- NORMAL 
S-NORMAL 

E-ADENOCARC INOMA , PROSTATE 
S-PULMONARY  INJURY 
D-PULHONARY  INJURY 
S-PULMONARY  INJURY 
S-PULHONARY  INJURY 
S-PULHONARY  INJUR'.' 

S-PULMONARY  INJURY 

D-PULHONARY  INJURY 

E- PULMONARY  INJURY 

S-PULMONARY  INJURY 

D-PULHONARY  INJURY 

S-PULMCNARY  INJURY 

S-PULMONARY  INJURY 

S-HEPATIC  ATROPHY  AND  FIBROSIS 

S-NORMAL 

S-NORMAL 

S-NORMAL 

S-NORMAL 

S-NORMAL 

D-PULMONARY  INJURY 
E-PULMCNARY  INJURY 
D-PULMONARY  INJURY 
E-CARCINOMA, LUNG 
D-PULMONARY  INJURY 
E-PULMONARY  INJURY 

E-CRONIC  RENAL  DISEASE;  B.A.  CARC.,LUNG 

E-NEPHROSCLEROSIS 

E-ASPIRATION  PNEUMONIA 


EXPOSURE. 


PROMINENT  FINDINGS  ARE  INCLLTJEO 


A.12  *"*^€6  in  Fused  Aluminosilicate  Particles,  Immature  Longevity  Study 


INHALATION  EXPOSURE  DOSE  RATE  (G' 

DOG  IDENTIFICATION  .  1. 8. 8.  I.L.B,  . . 


TATTOO  AN-EXPT 

SEX 

BLOCK 

DATE 

AGE 

DAYS 

WT 

KG 

MBO/KG 

M3Q 

RANK 

UCI/KG 

UCI 

MSa/KG 

MBD 

INITIAL 

60 

DAYS 

c 

1022U 

03-1922 

F 

0 

76239 

94 

3.5 

13. 

44. 

01 

140. 

480. 

5.2 

18. 

6.1 

2.3 

675S 

02-1136 

F 

8 

73033 

92 

2.5 

11. 

28. 

02 

120. 

310. 

4.4 

11. 

5.2 

2.2 

671C 

03-1132 

H 

C 

73030 

95 

3.8 

7.0 

27. 

03 

84. 

320. 

3.1 

12. 

3.6 

1.6 

1027S 

02-1925 

F 

D 

76247 

86 

2.9 

11. 

32. 

04 

79. 

230. 

2.9 

8.5 

3.4 

1.1 

.22 

10240 

01-1922 

H 

E 

76239 

86 

3.7 

5.5 

20. 

05 

74. 

270. 

2.7 

10. 

3.2 

1.0 

.27 

6730 

03-1136 

H 

C 

73033 

95 

2.2 

10. 

21. 

06 

73. 

160. 

2.7 

5.9 

3.2 

0.86 

673C 

01-1136 

H 

C 

73033 

95 

2.1 

7.0 

14. 

07 

70. 

140. 

2.6 

5.2 

3.0 

0.80 

.21 

672S 

01-1133 

F 

8 

73031 

94 

3.6 

7.4 

26. 

08 

64. 

230. 

2.4 

8.5 

2.8 

0.96 

.26 

1026A 

01-1925 

M 

E 

76247 

88 

3.4 

8.1 

27. 

09 

53. 

160. 

2.0 

6.7 

2.3 

0.84 

.16 

6723 

03-1133 

H 

C 

73  031 

94 

3.4 

9.6 

33. 

10 

52. 

180. 

1.9 

6.7 

2.3 

0.76 

.21 

672C 

02-1133 

M 

c 

73031 

94 

3.2 

5.5 

18. 

11 

48. 

150. 

1.8 

5.5 

2.1 

0.69 

.18 

629A 

01-1055 

M 

A 

72221 

92 

2.8 

10. 

28. 

12 

38. 

100. 

1.4 

3.7 

1.6 

0.63 

.11 

1019A 

02-1921 

M 

E 

76232 

91 

3.5 

7.8 

27. 

13 

33. 

130. 

1.4 

4.8 

1.6 

0.56 

.14 

1033T 

02-1927 

F 

0 

76267 

89 

2.6 

4.4 

11. 

14 

37. 

95. 

1.4 

3.5 

1.5 

0.51 

.10 

1022S 

02-1919 

F 

D 

76231 

86 

3.2 

3.0 

9.3 

15 

34. 

110. 

1.3 

4.1 

1.6 

0.56 

.10 

675  T 

02-1137 

F 

B 

7303  6 

95 

3.4 

5.9 

20. 

16 

28. 

92. 

1.0 

3.4 

1.2 

0.43 

.13 

627B 

03-1054 

H 

A 

72220 

94 

3.5 

2.0 

7.0 

17 

24. 

85. 

0.89 

3.1 

1.0 

0.50 

.09 

673S 

01-1135 

F 

B 

73  032 

94 

2.1 

1.9 

3.7 

18 

21. 

42. 

0.78 

1.6 

0.91 

0.28 

.07 

1021V 

01-1921 

F 

D 

76232 

88 

3.3 

1.3 

4.4 

19 

18. 

58. 

0.67 

2.1 

0.78 

0.25 

.05 

673A 

02-1132 

H 

C 

73  030 

92 

2.9 

6.3 

17. 

20 

16. 

44. 

0.59 

1.6 

0.69 

0.19 

.05 

672A 

01-1132 

M 

c 

73030 

93 

3.5 

1.9 

6.7 

21 

12. 

41. 

0.44 

1.5 

0.52 

0.17 

.04 

10333 

01-1927 

M 

E 

76267 

89 

3.0 

1.1 

3.4 

22 

12. 

35. 

0.44 

1.3 

0.52 

0.18 

.03 

671 S 

02-1131 

F 

s 

73029 

94 

2.8 

1.3 

3.7 

23 

11. 

30. 

0.41 

1.1 

0.48 

0.14 

.03: 

630B 

02-1054 

M 

A 

72220 

88 

2.8 

2.6 

7.4 

24 

9.3 

26. 

0.34 

0.96 

0.40 

0.16 

.02 

1023S 

03-1919 

F 

0 

76231 

86 

2.4 

0.44 

1.0 

25 

6.7 

16. 

0.25 

0.59 

0.29 

0.094 

.01' 

630A 

01-1054 

H 

A 

72220 

88 

3.8 

0.55 

2.1 

26 

6.0 

23. 

0.22 

0.85 

0.26 

0.12 

.02- 

675  B 

04-1131 

H 

c 

73  0  29 

88 

2.7 

0.67 

1.8 

27 

5.0 

13. 

0.19 

0.48 

0.22 

0.060 

.011. 

1016B 

01-1919 

H 

E 

76231 

97 

3.3 

0.89 

2.9 

28 

4.9 

16. 

0.18 

0.59 

0.21 

0.078 

.01< 

673T 

03-1131 

F 

3 

73  029 

91 

1.7 

0.70 

1.2 

29 

3.2 

5.4 

0.12 

0.20 

0.14 

0.033 

.001 

6240 

04-1048 

M 

A 

72209 

90 

2,7 

0.31 

0.81 

30 

3.1 

8.1 

0.11 

0.30 

0.13 

0.051 

.001 

6718 

03-1130 

M 

c 

73026 

91 

3.0 

0.14 

0.52 

31 

1.6 

5.9 

0.059 

0.22 

0.069 

0,023 

.00( 

10178 

04-1918 

H 

E 

76230 

95 

4.0 

0.16 

0.63 

32 

1.4 

5.4 

0.052 

0.20 

0.061 

0.022 

.00! 

1018U 

03-1918 

F 

D 

76230 

95 

4.0 

0.067 

0.27 

33 

1.0 

4.1 

0.037 

0.15 

0.043 

0.020 

.00: 

674  T 

01-1131 

F 

8 

73  0  29 

88 

2.1 

0.17 

0.35 

34 

0.87 

1.8 

0.032 

0.067 

0.038 

0.0087 

.007 

1021T 

02-1918 

F 

0 

76230 

86 

3.0 

0.056 

0.17 

35 

0.71 

2.1 

0.026 

0.078 

0.031 

0.0091 

.001 

623A 

03-1048 

H 

A 

72209 

91 

4.0 

0.063 

0.24 

36 

0.28 

1.1 

0.010 

0.041 

0.012 

0.0063 

.001 

10188 

01-1913 

M 

E 

76230 

95 

3.8 

0.0078 

0.034 

37 

0.19 

0.72 

0.0070 

0.027 

0.0082 

0.0027 

.oot 

669U 

03-1125 

F 

B 

7301  9 

84 

3.0 

0.056 

0.16 

38 

0.17 

0.50 

0.0063 

0.019 

0.0074 

0.0023 

.OOC 

668A 

02-1125 

M 

c 

73019 

93 

3.2 

0.052 

0.16 

39 

0.14 

0.43 

0.0052 

0.016 

0.0061 

0.0019 

.oot- 

1017S 

01-1915 

F 

0 

76229 

94 

3.2 

0.011 

0.035 

40 

0.12 

0.38 

0.0044 

0.014 

0.0052 

0.0016 

.OOC. 

671A 

02-1130 

M 

c 

73026 

91 

2.7 

0,036 

0.096 

41 

0.089 

0.24 

0.0033 

0.0089 

0.0039 

0.0012 

.OOC 

6240 

02-1048 

M 

A 

72209 

90 

2.9 

0.048 

0.14 

42 

0.061 

0.18 

0.0023 

0.0067 

0.0027 

0.00084 

.OOC 

1021A 

03-1921 

M 

E 

76232 

88 

3.9 

0.018 

0.070 

43 

0.051 

0.20 

0.0019 

0.0074 

0.0022 

0.00069 

.OOC 

670S 

01-1125 

F 

B 

73019 

89 

1.7 

0.048 

0.081 

44 

0.024 

0.040 

0.00089 

0.0015 

0.0010 

0.00033 

.OOC 

624A 

01-1048 

H 

A 

72209 

90 

4.0 

0.031 

0.12 

45 

0.013 

0.050 

0.00048 

0.0018 

0.00055 

0.00017 

.OOC 

1033A 

02-1926 

M 

E 

76266 

88 

2.9 

0.017 

0.0048 

46 

0.011 

0.032 

0.00041 

0.0012 

0.00048 

0.00015 

.000 

1034U 

01-1926 

F 

0 

76266 

85 

2.8 

0.0022 

0.0059 

47 

0.0090 

0.024 

0.00032 

0.00090 

0.00033 

0.00012 

.OOC 

6710 

01-1130 

M 

c 

73026 

91 

2.9 

0.024 

0.067 

43 

0.0060 

0.016 

0.00022 

0.00060 

0,00026 

0.000070 

.000 

669V 

03-1124 

F 

B 

73018 

90 

2.6 

0.032 

0.081 

49 

0.0040 

0.010- 

0.00015 

0,00040 

0.00017 

0.000050 

.000 

623B 

01-1046 

M 

A 

72203 

90 

3.5 

C 

6683 

01-1124 

H 

C 

73018 

92 

3.1 

c 

669S 

02-1124 

F 

8 

73018 

90 

3.4 

c 

1013S 

02-1913 

F 

D 

76223 

96 

2.7 

C 

1016A 

01-1913 

H 

E 

76223 

89 

3.4 

c 

UCI/XG  REPRESENTS  HICROCURIES  OF  RADIONUCLIDE  PER  XILOGRAK  OF  TOTAL  BOOT  WEIGHT. 

H30/ICG  REPRESENTS  MEGABEQUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

+  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  D,  E,  OR  3  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


BETA  RADIATION  DOSE  TO  (UNO 


OSE  RATE 

(GY/OAY) 

CUMULATIVE 

DOSE  (GY) 

DEATH 

DATE 

DAYS 

COMMENT. 

60 

DAYS 

365 

DAYS 

AT 

DEATH 

60 

OATS 

365 

DAYS 

POTENT. 

INFIN. 

TO 

DEATH 

TO  9-30 
1991 

TO 

DEATH 

2.3 

1.6 

210. 

550.  ♦ 

270. 

76330 

91 

D-PULHON4RY  INJURY 

2.2 

1.4 

190. 

800.  ♦ 

250. 

73128 

95 

O-PULMONARY  INJURY;  CONG. HEART  FAIL. 

1.6 

1.3 

140. 

490.  ♦ 

210. 

73151 

121 

D-PULMONARY  INJURY;  CONG. HEART  FAIL. 

1.1 

.23 

0.053 

110. 

260. 

320.  ♦ 

300. 

78254 

738 

0  - HEHANG I OSARCOMA , LUNG 

1.0 

.27 

0.073 

100. 

260. 

330.  ♦ 

310. 

7820' 

700 

E-HEMANCIQSARCOMA,LUNG 

5.86 

0.78 

100. 

150.  ♦ 

110. 

7309V 

66 

D-PULHONARY  INJURY;  CONG. HEART  FAIL. 

5.80 

.21 

0.13 

92. 

210. 

270.  ♦ 

240. 

74179 

511 

D-PULMONARY  INJURY 

5.96 

.26 

0.090 

88. 

250. 

310.  ♦ 

290. 

74355 

689 

E-HEHANGIOSARCCHA,LUNG 

1.84 

.16 

82. 

190. 

230. 

230. 

80100 

1314 

£-HEHANGIOSARCCHA,LUNG 

)./6 

.21 

0.081 

78. 

200. 

250.  ♦ 

230. 

74284 

618 

E-HEHANGIOSARCOMA,LUNG 

5.69 

.18 

0.0044 

72. 

180. 

220. 

220. 

77302 

1732 

D-HEMANGI OSARCOMA, SPLEEN 

5.63 

.11 

59. 

130. 

160. 

160. 

79330 

2666 

E - HEMANG I OSARCOMA .MUSCLE 

’.S6 

.14 

50. 

130. 

180. 

180. 

80184 

1413 

D ‘HEHANG lOSARCCHA.TBLN 

5.51 

.10 

50. 

120. 

140. 

140. 

86266 

3652 

E-CARC I  NOMA, LUNG; HEHANGIOSARCOHA, LUNG 

5.56 

.10 

55. 

120. 

150. 

150. 

84196 

2887 

D-PLEURITIS,MOCAfiOrA 

5.43 

.13 

0.0052 

40. 

110. 

150. 

150. 

7o168 

1227 

E -HEMANG lOSARCOHA.TBLN. 

5.50 

.095 

46. 

110. 

130. 

130. 

79004 

2341 

E -HEMANG lOSARCOMA, DISSEMINATED 

).i3 

.072 

30. 

72. 

91. 

91. 

86125 

4841 

E-CARCINOMA,A.NAL  SAC 

5.25 

.051 

25. 

58. 

71. 

71. 

84123 

2813 

E -HEMANG lOSARCOMA, T8LN;B. A.  CARC,,LUNG 

5.19 

.055 

21. 

53. 

67. 

67. 

82069 

3326 

E-LYHPHOSARC., GENERAL, •ADENDOCARC., LUNG 

5.17 

.047 

0.0025 

17. 

45. 

57. 

57. 

77089 

1520 

0-EPILEPSY;  HYPOTHRYRCIDISM 

i.18 

.037 

17. 

41. 

51. 

51. 

84117 

2772 

E-H£MANGI0SARC0MA,T8LN 

-.14 

.038 

14. 

36. 

46. 

46. 

84278 

4266 

E- CARCINOMA, LUNG 

5.16 

.025 

15. 

33. 

40. 

40. 

85145 

4674 

D-CARCINOMA,LUNG 

.094 

.019 

9.0 

21. 

27. 

27. 

86175 

3597 

E-CARCINOMA, LUNG 

.12 

.024 

11. 

27. 

33. 

33. 

87128 

5387 

E-CARCINOMA, NASAL 

.060 

.015 

7.0 

15. 

19. 

19. 

83212 

3835 

0-PANCREATIC  ATROPHY 

.078 

.014 

6.9 

17. 

20. 

5521 

.033 

.0087 

3.3 

8.1 

11. 

11. 

85361 

4715 

D- INTERSTITIAL  PNEUMONIA 

.051 

.0089 

4.7 

11. 

13. 

13. 

87026 

5296 

E-HELANCMA,ORAL 

.023 

.0065 

2.5 

6.3 

8.0 

8.0 

89114 

5932 

e-mesgthelioma,pulhonaky  carcinoma 

.022 

.0054 

1.9 

5.2 

6.6 

6.6 

90141 

5025 

e-transitional  cell  carcinoma, prostate 

.020 

.0049 

1.7 

4.5 

6.5 

6.5 

91141 

5390 

0-INTERSTITIAL  NEPHRITIS 

.0087 

.0023 

1.0 

2.4 

2.9 

2.9 

89090 

5905 

E-PAPILLARY  ADENOCARCINOMA, LUNG 

.0091 

.0020 

0.89 

2.1 

2.7 

2.7 

89095 

4614 

E-HAMMARY  COMPLEX  ADENOCARCINOMA 

.0063 

.0011 

0.50 

1.3 

1.6 

1.6 

88007 

5642 

E-HEART  BASE  TUMOR, HEART 

.0027 

.00090 

0.23 

0.67 

0.98 

0.98 

84313 

3005 

O-FOCAL  PNEUMONIA 

.0023 

.00058 

0.24 

0.58 

0.74 

0.74 

84291 

4289 

E-LYMPHOSARCOMA, VISCERAL 

.0019 

.00046 

0.19 

0.46 

0.59 

0.59 

88343 

5802 

E-CORONARY,  PULMONARY  THROMBOSES 

.0016 

.00040 

0.17 

0.40 

0.51 

0.51 

88243 

4397 

E-DEGENERATIVE  MYOPATHY, ESOPHAGUS 

.0012 

.00030 

0.13 

0.30 

0.38 

0.33 

84163 

4154 

0- IMPACTION, GALL  BLADDER 

.00084 

.00021 

0.088 

0.21 

0.27 

0.27 

81191 

3270 

E-POLIOENCEPHALOHALACIA,  SPINAL  CORD 

.00069 

.00017 

0.072 

0.17 

0.22 

0.22 

86244 

3665 

D-LEIOMYOSARCCMA,  INTESTINE 

.00033 

.000082 

0.034 

0.083 

o.n 

0.11 

87012 

5106 

E-CHRONIC  INTERSTITIAL  NEPHRITIS 

.00017 

.000042 

0.018 

0.043 

0.054 

0.054 

85225 

4765 

E-CIRRHOSIS, LIVER 

.00015 

.000037 

0.015 

0.044 

0.047 

0.047 

86283 

3670 

D- PNEUMONIA 

.00012 

.000029 

0.012 

0.029 

0.037 

0.037 

90233 

5081 

E-ADENOCARCINOMA,  MAMMARY  GLAND 

.000070 

.000019 

0.0080 

0.019 

0.024 

0.024 

85061 

5513 

E-MALIGNANT  MELANOMA, ORAL  CAVITY 

.000050 

.000013 

0.0060 

0.013 

0.017 

0.017 

87242 

5338 

D'PNEUMONIA 

84027 

4202 

E-HEART  FAILURE 

87267 

5362 

0- HEART  FAILURE 

84214 

4213 

E -  LYMPHOSARCOMA , GENERAL  I  ZED 

:•  • 

87220 

4015 

0- ENDOCARDITIS 

80140 

1373 

E-VERTEBRAL  DISC  RUPTURE 

IMCLUDSD. 
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A.I3  ‘^Ce  in  Fused  Aluminosiikale  Particles,  Immature  Sacrifice  Study 


SETA  R 


IMHALAIICM  EXPOSURE 
OOG  lOENTIMCATlON  . 


t.S.B. 


t.L.B, 


OOSE  RATE  ( or /OAT) 


ACE 

WT 

60 

120 

365 

TATTOO  AN-EXPT 

sex 

DATE 

OATS 

KG 

MSO/KG 

H8Q 

UCI/KG 

UCI 

MBO/KG 

KSQ 

INITIAL 

OATS 

OATS 

OATS 

472T 

04-1132 

f 

73030 

93 

3.0 

5.2 

15. 

46 

140 

1.7 

5.2 

2.2 

.63 

.39 

.15 

6298 

03-1055 

H 

72221 

92 

2.7 

10. 

27. 

43 

120 

1.6 

4.4 

1.7 

.88 

.46 

673U 

01-1137 

f 

73036 

1.7 

5.2 

8.9 

37 

62 

1.4 

2.3 

1.2 

.42 

631S 

03-1063 

F 

7222S 

91 

1.8 

1.4 

2.4 

11 

19 

0,41 

0.7 

0.48 

.17 

.10 

.035 

UCI/XC  REPRESENTS  HICRCCURIES  Of  RAOIONUCLICE  PER  KILOGRAM  OF  TOTAL  SCOT  WEIGHT. 

MSO/KG  REPRESENTS  MEGASEOUERELS  Of  RADIONUCLIDE  PER  KILOGRAM  Of  TOTAL  SCOT  WEIGHT. 

DOSE  RATE  ANO  CUMULATIVE  OOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

*  INDICATES  The  dog  i)i£0  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  OOSE. 

COMMENT;  0,  E,  OR  S  INDICATE  THE  DOC  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDIN 


SETA  RADIATION  DOSE  TO  LL'MG 


DOSE  RATE  (GY/DAY) 


60 

120 

365 

AT 

IITIAL 

DAYS 

DAYS 

DAYS 

DEATH 

1.2 

.63 

.39 

.15 

.084 

1.7 

.88 

.46 

.42 

.2 

.42 

.29 

j.Aa 

.t7 

.10 

.035 

CO'MULATIVE  DOSE  <GY) 


60 

120 

365 

POTENT. 

TO 

DAYS 

DAYS 

DAYS 

INFIN. 

DEATH 

69 

93 

160 

200* 

170 

75 

110 

160* 

120' 

44 

130* 

51 

16 

24 

38 

38 

38 

DEATH 

CATE 

CAYS  TO 
DEATH 

comment 

74179 

514 

S-PULMOARY  INJURY 

72350 

129 

S- 

73117 

81 

s- 

82253 

3241 

s- 

.AT ION  EXPOSURE. 

'IVEIY.  PROMINENT  FINDINGS  ARE  INCLUtEO. 


154 


& 

A.I4  *‘*'*Ce  in  Fused  Aluminosilicate  Particles,  Aged  Longevity  Study 


INHALATION  EXPOSURE  DOSE  RATE  (ST 

DOG  IDENTIFICATION  .  I.B.B.  I.L.B.  . 

■ .  AGE  WT  .  40  120 


TATTOO 

AN-EXPT 

SEX 

BLOCK 

DATE  OATS 

KG 

H3Q/KG 

HBQ 

RANK 

UCI/KG 

UCI 

MBQ/KG 

M3Q 

INITIAL 

DAYS 

DAYS 

F0-A9 

02-982 

F 

8 

72040  3748 

9.5 

5.5 

52. 

01 

75. 

710 

2.8 

26. 

4.4 

3.0 

2.2 

FD-AO 

02-991 

F 

£ 

72055  3565 

12.0 

6.3 

74. 

02 

67. 

800 

2.5 

30. 

4.0 

3.2 

2.5 

FO-98 

01-987 

F 

C 

72046  3634 

10.9 

3.7 

41. 

03 

56. 

610 

2.1 

23. 

3.3 

2.5 

2.0 

FO-108 

03-987 

F 

0 

72046  3537  11.7 

5.9 

70. 

04 

51. 

600 

1.9 

22. 

3.0 

2.3 

1.8 

FO-118 

01-990 

F 

P 

72054  3318 

6,7 

7.0 

44. 

05 

50. 

330 

1.9 

12. 

3.0 

2.2 

.1.7 

FD-145 

03-982 

F 

A 

72040  3840 

10.5 

2.7 

28. 

06 

40. 

420 

1.5 

16. 

2.4 

1.8 

1.4 

73B 

01-1485 

H 

H 

75252  3814 

11.5 

5.9 

70. 

07 

37. 

420 

1.4 

16. 

2.1 

1.6 

1.2 

174  A 

02-1689 

H 

K 

75258  3392 

11.9 

2.3 

23. 

08 

35. 

410 

1.3 

15. 

2.0 

1.5 

1.2 

211C 

03-1690 

H 

t 

7525  9  3250 

11.3 

2.5 

28. 

09 

33. 

370 

1.2 

14. 

1.9 

1.5 

1.2 

105A 

03-1687 

M 

I 

7525  4  3  6  77 

13.2 

2.3 

30. 

10 

32. 

420 

1.2 

16. 

1.8 

1.4 

1.1 

151A 

03-1688 

M 

J 

75235  3514 

13.6 

4.4 

59. 

11 

27. 

370 

1.0 

14. 

1.5 

1.2 

0.96 

FO-12 

02-987 

F 

C 

72046  3714 

14.5 

4.4 

67. 

12 

27. 

400 

1.0 

15. 

1.6 

1.1 

0.83 

71A 

02-1686 

M 

H 

75253  3319 

13.0 

2.6 

33. 

13 

25. 

320 

0.93 

12. 

1.4 

1.1 

0.88 

FO-7 

01-991 

F 

E 

72055  3511 

10.2 

4.4 

48. 

14 

25. 

250 

0.93 

9.3 

1.5 

1.1 

0.84 

fO-100 

01-983 

F 

8 

72041  3841 

8.8 

3.0 

26. 

15 

23. 

200 

0.85 

7.4 

1.4 

1.0 

0.78 

FO-121 

02-990 

F 

F 

72054  3119 

16. C 

3.3 

52. 

16 

23. 

360 

0.85 

13, 

1.4 

1.0 

0.78 

FO-94 

03-990 

F 

D 

72054  3461 

6.7 

2.3 

15. 

17 

22. 

150 

0.81 

5.5 

1.3 

0.98 

0.75 

FO-31 

04-982 

F 

A 

72040  3859 

10.7 

1.4 

14. 

18 

22. 

230 

0.81 

8.5 

1.3 

0.95 

0.72 

FO-103 

01-982 

F 

8 

72040  3705 

9.4 

1.0 

9.3 

19 

20. 

190 

0.74 

7.0 

1.2 

0.88 

0.70 

144  A 

03-1689 

H 

K 

75258  3417 

12.2 

1.4 

18. 

20 

17. 

210 

0.63 

7.8 

0.97 

0.75 

0.59 

1148 

02-1688 

M 

J 

75255  3638 

10.7 

1.4 

15. 

21 

16. 

170 

0.59 

6.3 

0.91 

0.70 

0.55 

2140 

01-1690 

H 

L 

75259  3213 

10.1 

1.3 

13. 

22 

16. 

170 

0.59 

6.3 

0.91 

0.70 

0.55 

FO-32 

03-984 

F 

0 

72045  3542 

7.8 

1.4 

11. 

23 

14. 

110 

0.52 

4.1 

0.83 

0.64 

0.50 

FO-47 

02-984 

F 

C 

72045  3585 

8.4 

1.0 

8.9 

24 

14. 

120 

0.52 

4.4 

0.83 

0.58 

0.44 

FO-190 

01-1376 

H 

G 

74036  3844 

9.7 

1,5 

14. 

25 

14. 

130 

0.52 

4.8 

0.83 

0.58 

0.46 

FO-15 

01-989 

F 

F 

72053  3273 

12.3 

2.6 

31. 

26 

13. 

160 

0.48 

5.9 

0.77 

0.57 

0.44 

FO-30 

02-983 

F 

A 

72041  3877  11.4 

1.9 

21. 

27 

13. 

150 

0.48 

5.5 

0.77 

0.62 

0.49 

23A 

03-1374 

K 

G 

74035  3502 

14.1 

1.9 

26. 

23 

12. 

170 

0.44 

6.3 

0.71 

0.55 

0.4-'. 

FO-185 

02-1374 

H 

G 

74035  3864 

11.2 

5.5 

63. 

29 

12. 

140 

0.44 

5.2 

0.71 

0.50 

o:.'; 

FD-153 

02-989 

F 

E 

72053  3320 

8.6 

1.7 

15. 

30 

11. 

96 

0.41 

3.6 

0.65 

0.49 

0.J8 

FO-154 

04-989 

F 

F 

72053  3313 

11.4 

1.0 

11. 

31 

9.0 

100 

0.33 

3.7 

0.53 

0.38 

0.29 

FO-95 

01-934 

F 

C 

72045  3563 

7.4 

0.67 

4.8 

32 

8.5 

62 

0.31 

2.3 

0.50 

0.37 

0.28 

114A 

01-1488 

n 

J 

75255  3638 

11.9 

0.63 

7.4 

33 

8.4 

100 

0.31 

3.7 

0.48 

0.38 

0.30 

1098 

02-1687 

N 

I 

75254  3671 

10.9 

0.70 

7.8 

34 

8.3 

90 

0.31 

3.3 

0.47 

0.35 

0.26 

FO-131 

01-1374 

N 

c 

74035  3889 

10.6 

0.55 

5.9 

35 

8.3 

88 

0.31 

3.3 

0.49 

0.37 

0.29 

1458 

01-1489 

M 

K 

7525  8  3419 

14.0 

0.81 

11. 

36 

8.0 

no 

0.30 

4.1 

0.46 

0.36 

0.28 

FO-48 

04-984 

F 

0 

72045  3544 

12.2 

1.3 

15. 

37 

7.7 

94 

0.23 

3.5 

0.46' 

P.34 

0.27 

FO-38 

03-983 

F 

8 

72041  3326 

8.7 

0.85 

7.4 

38 

7.4 

64 

0.27 

2.4 

0.44 

0.34 

0.27 

FD-104 

04-983 

F 

A 

72041  3931 

12.3 

0.89 

11. 

59 

6.4 

79 

0.24 

2.9 

0.38 

0.27 

0.21 

181C 

02-1690 

L 

75259  3362 

1C. 2 

1.6 

16. 

40 

5.9 

60 

0.22 

2.2 

0.34 

0.26 

0.21 

FO-150 

03-989 

E 

72053  3320 

9.9 

0.89 

3.5 

41 

5.5 

54 

0.20 

2.0 

0.33 

0.25 

0.20 

fO-307 

01-1686 

H 

H 

75  25  3  3  752 

12.9 

3.12 

1.6 

42 

2.4 

31 

o-oac 

1.1 

0.14 

0.11 

0.087 

FD-101 

05-981 

F 

A 

72039  3842 

9.9 

C 

FD-117 

01-981 

F 

c 

72039  3679 

6.2 

C 

FD-147 

02-981 

F 

0 

72039  3525 

8.9 

c 

FO-149 

04-981 

F 

F 

72039  3261 

8.2 

c 

FO-4 

03-981 

F 

E 

72039  3499 

14.7 

c 

FO-4 

06-981 

f 

8 

72039  3815 

10.6 

c 

2C 

01-1379 

n 

G 

74038  3777  12.0 

c 

niA 

05-1684 

H 

I 

7524S  3656 

9.8 

c 

1140 

01-1684 

M 

J 

75248  3634 

12.1 

c 

17SA 

04-1684 

H 

K 

75248  3330 

9.6 

c 

2258 

02-1684 

M 

1 

75248  3153 

12.2 

c 

59C 

03-1684 

H 

H 

75248  3865 

14.9 

c 

UCI/XG  R£PSES'’XTS  MICRCCURIfS  OF  RAOIOWCL IDF  PER  (!LS»HAM  OF  TOTAL  BOOT  VtlSHT. 

H3Q/X.G  REPRESENTS  HEGASEQUERELS  0»  »AOIO*"-CL;uE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  ANO  CUKIULATIVE  DOSE  A'C  .•'r.ESENTEO  AS  FUNCTIONS  C  TIME  Id  OATS  AFICR  INHALATION  EXPOSURE. 

♦  INDICATES  the  OOG  SiCO  ScfORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT:  0,  E,  (X  j  INDICATE  THE  OOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECT IVELT.  PROMINENT  FINDINGS  ARE  I 


BETA  RAOIATICM  DOSE  TO  LUNG 


DOSE  RATE  (GY/OAT) 


CUMULATIVE  DOSE  (GY) 


M8Q 

INITIAL 

60 

DAYS 

120 

DAYS 

365 

DAYS 

AT 

DEATH 

60 

DAYS 

120 

DAYS 

365 

DAYS 

POTENT. 

INFIN. 

TO 

DEATH 

death 

DATE 

TO 

DEATH 

COMMENT 

26. 

4.4 

3.0 

2.2 

1.4 

210. 

370 

760+ 

500 

72237 

197 

O-PULMONARY  INJURY 

30. 

4.0 

3.2 

2.5 

1.2 

210. 

380 

1100+ 

740 

73  009 

320 

D-PULMONARY  INJURY 

23. 

3.3 

2.5 

2.0 

1.2 

170. 

310 

840+ 

530 

72307 

261 

O-PULMONARY  INJURY 

22. 

3.0 

2.3 

1.'8 

1.1 

160. 

230 

710+ 

440 

72279 

233 

E-PULMCNARY  INJURY 

12. 

3.0 

2.2 

1.7 

0.87 

150. 

260 

650+ 

450 

72327 

273 

E-PULMCNARY  INJURY 

16. 

1.8 

1.4 

0.99 

130. 

220 

560+ 

330 

72249 

209 

0-PULMCNARY  INJURY 

16. 

2.1 

1.6 

1.2 

.43 

0.23 

110. 

200 

380 

480+ 

430 

77024 

503 

E-PULMONARY  FIBROSIS 

15. 

2.0 

1.5 

1.2 

.45 

110. 

190 

37C 

490 

490 

79073 

1281 

o-carcinoha,lung 

14. 

1.9 

1.5 

1.2 

.45 

0.066 

100. 

180 

370 

480+ 

460 

78013 

850 

E-PULMCNARY  INJURY 

16. 

1.8 

1.4 

1.1 

.41 

0.20 

95. 

170 

340 

440+ 

390 

77068 

545 

D-PULMONARY  INJURY 

14. 

1.5 

1.2 

0.96 

.39 

0.37 

80. 

140 

300 

400+ 

300 

76264 

374 

E-PULMCNARY  INJURY;  CONG. HEART  FAIL. 

15. 

1.6 

1.1 

0.83 

0.52 

79. 

140 

300* 

200 

72260 

214 

O-PULMONARY  INJURY 

12. 

1.4 

1.1 

0.88 

0.50 

75. 

130 

360+ 

230 

76152 

264 

O-PULMONARY  INJURY 

9.3 

1.: 

1.1 

0.84 

0.49 

74. 

130 

830+ 

220 

72305 

250 

O-PULMONARY  INJURY;  CONG. HEART  FAIL. 

7.4 

1.4 

1.0 

0.78 

0.037 

71. 

120 

240 

320+ 

310 

74253 

943 

D-PULMCNARY  INJURY 

13. 

1.4 

1.0 

0.78 

0.45 

68. 

120 

310* 

200 

72309 

255 

D-PULMCNARY  INJURY 

5.5 

1.3 

0.93 

0.75 

.28 

0.017 

68. 

120 

230 

310 

310 

75165 

1207 

D-PULMCNARY  INJURY 

8.5 

1.3 

0.95 

0.72 

0.34 

66. 

120 

270+ 

200 

72320 

280 

O-PULMONARY  INJURY;  CONG. HEART  FAIL. 

7.0 

1.2 

0.88 

0.70 

0.25 

60. 

110 

220 

290+ 

220 

73064 

390 

O-PULMONARY  INJURY 

7.8 

0  97 

0.75 

0.59 

.22 

52. 

92 

180 

240 

240 

82110 

2409 

E - ADE NOCAR C I  NOMA , NASAL ; CARC 1 NCMA , LUNG 

6.3 

0.91 

0.70 

0.55 

.21 

49. 

86 

170 

230 

230 

78325 

1166 

D-HEMCRRHAGIC  ENTERITIS 

6.3 

0.91 

0.70 

0.55 

.21 

49. 

86 

170 

230 

230 

82211 

2509 

E-CRANULCnAT(XIS  PNEUMONIA.-MENINGICMA 

4.1 

0.33 

0.64 

0.50 

.20 

44. 

78 

160 

220 

220 

77067 

1849 

O-LEI0MYCMA,BLA00ER;PULMONARY  INJURY 

4.4 

0.83 

0.58 

0.44 

0.19 

41. 

71 

180+ 

130 

73009 

330 

D-AOENOCARCINCMA, MAMMARY  GLAND 

4.8 

0.83 

0.58 

0.46 

.17 

0.00090 

41. 

72 

140 

190 

190 

73209 

1694 

E-NEPHROSCLEROSIS;CARC1NONA, PANCREAS 

5.9 

0.77 

0.57 

0.44 

.15 

0.12 

40. 

70 

130 

170* 

140 

73106 

419 

O-CONGESTIVE  HEART  FAILURE 

5.5 

0.77 

0,62 

0.49 

.19 

0.17 

42. 

75 

150 

200* 

150 

73  058 

383 

0-ccncestive  heart  failure 

6.3 

0.71 

0.55 

0.44 

0.066 

37. 

67 

180* 

120 

74355 

320 

O-PULMONART  INJURY;  HYPOTHYROID 

5.2 

0,71 

0.50 

0.36 

.12 

0.0027 

35. 

61 

120 

160 

160 

773  22 

1383 

0-PULHCNARY  THROMBOSIS 

3.6 

0.65 

0.49 

0.38 

.15 

0.0038 

34. 

59 

120 

150 

150 

75295 

1338 

O-CONCESTIVE  HEART  FAILURE 

3.7 

0.53 

0.38 

0.29 

.11 

0.033 

27. 

47 

92 

120* 

110 

7335  6 

669 

O-PULMONARY  INJURY 

2.3 

0.50 

0.37 

0.23 

.11 

25. 

45 

88 

120 

120 

77256 

2033 

E-CHRONIC  PYELONEPHRITIS 

3.7 

0.48 

0.33 

0.30 

.11 

26. 

46 

93 

120 

120 

80036 

1607 

E-malignant  melanoma,  mouth 

3.3 

0.47 

0.35 

0.26 

.079 

24. 

43 

86 

110 

110 

79016 

1223 

E-LTMPMCMA,VIS0E9AI 

3.3 

0.49 

0.37 

0.29 

.11 

0.00060 

25. 

45 

90 

120 

120 

78265 

1691 

E - SEM I  noma ; BRONCH I CLOALVEOLAR  CARC I  NOMA 

4.1 

0.46 

0.36 

0.23 

.11 

25. 

44 

89 

110 

110 

81225 

2159 

E-OARDIAC  INSUFFICIENCY 

3.5 

0.46 

0.34 

0.27 

.10 

0.012 

23. 

42 

83 

110 

110 

74218 

904 

O-AOENOCARCINCMA, MAMMARY  GLAND 

2.4 

0.44 

0.34 

0.27 

.11 

0.C018 

23. 

41 

85 

120 

120 

76079 

1499 

E- adenoma, ADRENAL; BRONCH lOLOALV.  CARC. 

2.9 

0.38 

0.27 

0.21 

.031 

0.0CC03 

19. 

33 

67 

87 

67 

77281 

2067 

E-NEPHRITIS;CCNGE5TIVE  HEART  FAILURE 

2.2 

0.34 

0.26 

0.21 

.073 

18. 

32 

64 

84 

84 

82286 

2584 

E-SU'FAT  CLANO  ADENOCARCINOMA 

2.0 

0.33 

0.25 

0.20 

.076 

0.00003 

17. 

30 

61 

80 

80 

78236 

2375 

E-SCU,1M.  CELL  CARC.  ,CRAL;8-A-CARC!N0MA 

1.1 

0.14 

0.11 

0.087 

.033 

7.5 

13 

26 

36 

36 

79110 

1318 

E-OISC  PROTRUSION 

D-9ILATERAL  ADRENAL  HYPERPLASIA 

0-PYELCNEPHRlTIS 

O-PYOHETRA 

O-ADEMCCARCINCMA, MAMMARY  GLAND 
E-EIBROGLASTIC  CSTECSARCO“A , BONE 
O-AOENOCARCINCMA, MAMMARY  GLAND 
O-aRCNCHICLOALVECLAR  CARCIHCMA 
0-RENAL  EI3ROSIS 
E-OISC  PROLAPSE, -CARO  I  NOMA. LUNG 
E-CONGESlive  PEART  FAILURE 
D-RLEURITIS  tNOCARDIA  SP.) 
0-LCHAR  PNEUMONIA 


0»  EXPOSURE, 


'.Y.  PROHINENT  findings  are  IMGIL'OEO. 


A.15  ’V  in  Fused  Aluminosilicate  Particles,  Longevity  Study 


INHAlATtOM  EXPOSURE 

DOG  lOENTlflCATtOH  .  I.B.B. 


TATTOO  AR-EXPT 

SEX 

BLOCK 

DATE 

AGE 

DAYS 

WT 

KG 

KBQ/KG 

HSO 

417A 

04*828 

H 

H 

70283 

379 

10.6 

9.3 

100. 

A15T 

01-828 

f 

I 

70288 

396 

9.2 

4.4 

41. 

A35A 

01-856 

H 

J 

71032 

391 

11.5 

5.2 

63. 

393A 

01-792 

H 

C 

70218 

427 

10.3 

3.7 

37. 

4T6B 

02-328 

M 

H 

70288 

332 

11.6 

7.8 

89. 

403A 

03-809 

M 

E 

70238 

396 

7.0 

5.2 

36. 

397T 

04-792 

F 

D 

70218 

409 

8.6 

5.5 

48. 

500B 

04-964 

H 

L 

71300 

369 

8.6 

5.5 

48. 

417T 

03-828 

f 

1 

70288 

379 

9.5 

11. 

100. 

403S 

04-809 

r 

F 

70238 

396 

7.0 

5.2 

36. 

403U 

01-809 

f 

F 

70238 

396 

6.8 

5.5 

37. 

398U 

02-792 

F 

0 

70218 

393 

6.8 

3.5 

24, 

432T 

01-355 

f 

K 

71029 

413 

8.2 

7.0 

59. 

433A 

02-854 

M 

J 

71028 

411 

11.0 

4.1 

48. 

405X 

01-824 

F 

G 

70266 

416 

8.6 

4.8 

41. 

355S 

01-703 

F 

B 

70036 

424 

8.6 

5.5 

48. 

35SB 

02-703 

H 

A 

70036 

424 

9.4 

3.7 

35. 

398A 

03-792 

M 

C 

70218 

393 

11.4 

3.0 

34. 

408T 

02-824 

F 

G 

70266 

408 

8.6 

3.7 

33. 

361T 

03-701 

F 

B 

70034 

415 

8.4 

3.3 

28. 

4020 

02-809 

H 

£ 

70238 

397 

6.7 

7.0 

48. 

357A 

01-702 

M 

A 

70035 

421 

9.8 

5.5 

52. 

418S 

03-827 

F 

I 

70286 

365 

10.0 

3.3 

33. 

4370 

03-855 

H 

J 

71029 

332 

8.3 

3.7 

32. 

494A 

03-964 

M 

L 

71300 

404 

9.4 

3.7 

36. 

411A 

01-827 

H 

H 

70286 

421 

14.2 

9.6 

130. 

431U 

02-855 

F 

K 

71029 

421 

7.2 

8.9 

67. 

402A 

01-808 

H 

E 

70237 

396 

9.5 

2.1 

20. 

400S 

04-808 

F 

F 

70237 

404 

9.1 

3.1 

28. 

433S 

04-854 

F 

K 

71028 

411 

9.0 

2.3 

21. 

411T 

03-824 

F 

G 

70266 

400 

7.6 

2.6 

20. 

4978 

02-964 

M 

L 

71300 

375 

8.8 

1.8 

16. 

396T 

03-790 

F 

0 

70216 

417 

8.6 

3.0 

25. 

3980 

02-790 

M 

C 

70216 

390 

9.5 

1.9 

18. 

751A 

03-1581 

M 

0 

74  338 

429 

10.0 

1.7 

17. 

3S4U 

02-702 

F 

8 

70035 

425 

7.5 

2.3 

17. 

355A 

04-701 

M 

A 

70034 

422 

10.6 

3.6 

37. 

433C 

01-854 

K 

J 

71028 

411 

9.8 

1.1 

10. 

743S 

01-1580 

f 

H 

74337 

446 

7.6 

1.5 

11. 

414T 

04-827 

F 

I 

70286 

397 

7.0 

2.0 

14. 

416C 

02-827 

H 

H 

70286 

380 

10.7 

1.6 

17. 

7593 

03-1586 

F 

P 

74347 

415 

10.0 

1.7 

17. 

430S 

03-854 

F 

K 

71028 

423 

7.7 

1.1 

8.5 

399U 

03-808 

F 

F 

70237 

407 

7.2 

2.0 

14. 

401B 

02-808 

M 

E 

70237 

403 

9.0 

1.9 

17. 

3988 

01-790 

M 

C 

70216 

390 

11.2 

1.0 

12. 

4045 

01-823 

F 

G 

70265 

438 

3.6 

0.89 

7.4 

748A 

02-1581 

M 

H 

74338 

447 

8.2 

0.93 

7.4 

354A 

01-701 

M 

A 

70034 

424 

10.4 

1.8 

19. 

COSE 


RANK 

UCI/KG 

UCI 

H8Q/KG 

HSO 

INITIAL 

DAYS 

001 

96. 

1014. 

3.6 

38. 

5.0 

4.5 

002 

90. 

832. 

3.3 

31. 

4.8 

3.9 

003 

77. 

885. 

2.8 

33. 

4.1 

3.3 

004 

74. 

763. 

2.7 

28. 

3.9 

3.3 

005 

74. 

855. 

2.7 

32. 

3.9 

3.5 

006 

74. 

515. 

2.7 

19. 

3.9 

3.1 

007 

73. 

629. 

2.7 

23. 

3.9 

3.0 

008 

71. 

60S. 

2.6 

22. 

3.7 

2.8 

009 

70. 

661. 

2.6 

24. 

3.7 

2.9 

010 

68. 

468. 

2.5 

17. 

3.6 

2.4 

Oil 

67. 

454. 

2.5 

17. 

3.5 

2.8 

012 

66. 

452. 

2.4 

17. 

3.5 

2.8 

013 

65. 

530. 

2.4 

20. 

3.4 

2.7 

014 

65. 

710. 

2.4 

26. 

3.4 

2.7 

015 

63. 

541. 

2.3 

20. 

3.3 

2.8 

016 

62. 

536. 

2.3 

20. 

3.3 

2.6 

017 

58. 

544. 

2.1 

20. 

3.0 

2.5 

018 

57. 

652. 

2.1 

24. 

3.0 

2.5 

019 

55. 

473. 

2.0 

18. 

2.9 

2.5 

020 

53. 

444. 

2.0 

16, 

2.8 

2.4 

021 

53. 

354. 

2.0 

13. 

2.8 

2.4 

022 

53. 

515. 

2.0 

19. 

2.8 

2.3 

023 

51. 

514. 

1.9 

19. 

2.7 

2.4 

024 

51. 

423. 

1.9 

16. 

2.7 

2.0 

025 

50. 

474. 

1.9 

18. 

2.7 

1.9 

026 

49. 

699. 

1.8 

26. 

2.6 

2.4 

027 

48. 

348. 

1.8 

13. 

2.5 

2.2 

028 

42. 

402. 

1.6 

15, 

2.2 

1.9 

029 

41. 

370. 

1.5 

14. 

2.1 

1.7 

030 

38. 

339. 

1.4 

13. 

2.0 

1.7 

031 

37. 

284. 

1.4 

11. 

2.0 

1.8 

032 

35. 

308. 

1.3 

11. 

1.8 

1.4 

033 

33. 

282. 

1.2 

10. 

1.7 

1.3 

034 

32. 

305. 

1.2 

11. 

1.7 

1.4 

035 

31. 

309. 

1.1 

11. 

1.6 

1.4 

036 

30. 

224. 

1.1 

8.3 

1.6 

1.3 

037 

24. 

257. 

0.89 

9.5 

1.3 

1.1 

038 

24. 

234. 

0.89 

8.7 

1.3 

1.1 

039 

23. 

171. 

0.85 

6.3 

1.2 

1.0 

040 

21. 

150. 

0.78 

5.5 

1.1 

0.97 

041 

21. 

223. 

0.78 

8.3 

1.1 

0.92 

042 

21. 

208. 

0.78 

7.7 

1.1 

0.91 

043 

21. 

160. 

0.78 

5.9 

1.1 

0.90 

044 

19. 

137. 

0.70 

5.1 

1.0 

0.86 

045 

19. 

169. 

0.70 

6.3 

0.98 

o.ss 

046 

18. 

204. 

0.67 

7.5 

0.96 

0.82 

047 

17. 

150. 

0.63 

5.5 

0.92 

0.77 

048 

16. 

134. 

0.59 

5.0 

0.86 

0.78 

049 

15. 

161. 

0.55 

6.0 

0.81 

0.70 

BETA  RADIATION  DOSE  TO  LUNG 


DOSE 

RATE  ( GY/DAY > 

CUMULATIVE  DOSE  (GY) 

60 

120 

365 

AT 

60 

120 

365 

POTENTIAL 

TO 

DEATH 

TO 

lAI. 

DAYS 

DAYS 

DAYS 

DEATH 

DAYS 

DAYS 

DAYS 

5000  DAYS 

DEATH 

DATE 

DEATH 

COMMENT 

) 

H.S 

A. 3 

A. 2 

280. 

550. 

11000.  ♦ 

870. 

71118 

195 

O-PULMONARY  INJURY 

; 

3.9 

3. A 

3.1 

260. 

A70. 

13000.  + 

790. 

71143 

220 

D-PULMONARY  INJURY 

3.3 

3.0 

2.7 

220. 

A10. 

11000.  ♦ 

720. 

71263 

231 

E-PULHONARY  INJURY 

) 

3.3 

2.8 

2.5 

220. 

AOO. 

1AOO.  ♦ 

500. 

71012 

159 

O-PULHONARY  INJURY 

' 

3.5 

3.2 

3.0 

210. 

A20. 

3A00.  ♦ 

620. 

71107 

184 

D-PULMONARY  INJURY 

3.1 

2.7 

2.1 

2.1 

210. 

380. 

9A0. 

A700.  + 

990. 

71259 

386 

O-PULHONARY  INJURY 

3.0 

2.6 

2.3 

200. 

360. 

9600.  ♦ 

600. 

71071 

218 

O-PULMONARY  INJURY 

• 

2.8 

2. A 

2.1 

190. 

350. 

8900.  ♦ 

640. 

72190 

255 

D-PULMONARY  INJURY 

2.9 

2.6 

2. A 

200. 

360. 

10000.  + 

730. 

71190 

267 

E-PULHONARY  INJURY 

i 

2. A 

2.2 

1.8 

150. 

290. 

1700.  ♦ 

510. 

71105 

232 

O-PULMONARY  INJURY 

2.8 

2.5 

2.2 

190. 

350. 

A700.  ♦ 

670. 

71131 

258 

r.-PULMONARY  INJURY 

2.8 

2.6 

2.0 

180. 

3A0. 

2500.  ♦ 

820. 

71132 

329 

O-PULMONARY  INJURY 

2.7 

2.3 

1.9 

180. 

330. 

5800.  ♦ 

640. 

71297 

268 

D-PULHONARY  INJURY 

2.7 

2.5 

2.3 

180. 

3A0. 

10000.  ♦ 

650. 

71280 

252 

E-PULMONARY  INJURY 

£.a 

3. A 

2.1 

180. 

3A0. 

870.  ♦ 

610. 

71144 

243 

O-PULHONARY  INJURY 

2.6 

2.3 

1.9 

130. 

320. 

A500.  ♦ 

780. 

71013 

342 

D-PULHONARY  INJURY 

2.5 

2.2 

1.8 

1.8 

170. 

310. 

780. 

7800.  ♦ 

800. 

71044 

373 

O-PULMONARY  INJURY 

2.5 

2.2 

2.1 

160, 

300. 

7800.  ♦ 

640. 

71136 

283 

D-PULHONARY  INJURY 

2.5 

2.2 

2.0 

160. 

300. 

8300.  ♦ 

540. 

71139 

238 

d-pulmonary  injury 

2. A 

2.2 

1.9 

150. 

290. 

3000.  ♦ 

590. 

70300 

266 

D-PULHONARY  INJURY 

2.  A 

2.1 

1.7 

150, 

290. 

3700.  ♦ 

620. 

71173 

300 

D-PULHONARY  INJURY 

2.3 

2.0 

1.6 

ISO. 

280. 

6900.  ♦ 

670. 

71011 

341 

d-pulho:mry  injury 

2. A 

2.1 

1.7 

150. 

290. 

1200.  ♦ 

440. 

71122 

201 

0-PULHCNARY  INJURY 

2.0 

1,7 

1.2 

1A0. 

250. 

600. 

1600. 

620. 

72040 

376 

E-PULMONARY  INJURY 

1.9 

1.A 

0.67 

1A0. 

2A0. 

750. 

420. 

72245 

310 

O-PULMONARY  INJURY 

2. A 

2.2 

2.0 

150. 

290. 

1800.  ♦ 

450. 

71122 

201 

O-PULMONARY  INJURY 

2.2 

1.9 

1.7 

1A0. 

260. 

6900.  ♦ 

A50. 

71255 

226 

D-PULMONARY  INJURY 

1.9 

1.6 

1.3 

120. 

220. 

5AOO.  * 

530. 

71212 

340 

O-PULMONARY  INJURY 

1.7 

1.5 

1.3 

no. 

210. 

3700.  * 

430. 

71158 

286 

O-PULHONARY  INJURY 

1 ,7 

1.5 

1.3 

110. 

200. 

3500.  * 

420. 

71307 

279 

D-PULHONARY  INJURY 

1.8 

1.6 

1.2 

110. 

210. 

1000.  ♦ 

400. 

71160 

259 

O-PULHONARY  INJURY 

1.A 

1.2 

0.76 

0.51 

96. 

170. 

390. 

1200.  ♦ 

660. 

733  5  7 

788 

O-HEHANGIOSaRCOMA.LUNG 

1.3 

1.2 

0.81 

0.52 

90. 

160. 

AOO. 

1000.  ♦ 

630. 

72204 

718 

O-HEMANGIOSARCOHA.LUNG 

1.A 

1.2 

0.89 

0.70 

93. 

170. 

A20. 

1500.  ♦ 

650. 

72130 

644 

E-HEMANGIOSARCCMA,LUMG 

1.A 

1.2 

0.93 

0.67 

89. 

170. 

A20. 

1500.  ♦ 

720. 

76355 

747 

E-H£MANGIOSARCO*A,IUNG 

1.3 

1.1 

0.86 

0.80 

85. 

160. 

AOO. 

1700.  ♦ 

490. 

711A7 

477 

O-PULMONARY  INJURY 

1.1 

0.98 

0.65 

O.AA 

71. 

130. 

330. 

1000.  ♦ 

520. 

72019 

715 

D-HEH4NGI0SARCCMA,LUNG 

1.1 

1.0 

0.78 

0.58 

71. 

lAO. 

350. 

1200.  ♦ 

570. 

72356 

693 

E-HEHANGIOSARCOMA,LUNG 

1.0 

0.91 

0.69 

O.AA 

65. 

120. 

’'10. 

1000.  ♦ 

580. 

7708A 

843 

E-HEHANGIOSARCCWA,l.UNG 

0.97 

0.36 

0.60 

0.33 

63. 

120. 

290. 

1000.  * 

540. 

7306A 

874 

D-HEHANGIOSAPCOMA,LUNG 

0.92 

0.79 

0.50 

0.2A 

60. 

110. 

260. 

8A0.  ♦ 

530. 

73318 

1128 

E-EPIDERHOID  CARC. ;HEMANGiOSARC. ,LUNG 

0.91 

0.78 

0.5A 

0.37 

60. 

110. 

270. 

1100.  ♦ 

500. 

77133 

882 

E- HEHANG I OSARCCMA , LUNG 

0.90 

0.79 

0.59 

0.A1 

59. 

110. 

270. 

970.  ♦ 

490. 

73106 

809 

E-HEJ^ANGIOSARCO«A,LUNG 

0.86 

0.7A 

0.50 

0.27 

56. 

100. 

250. 

930.  ♦ 

540. 

73311 

1170 

E-HEHANGICSARCCMA,LUNG 

3 

0.35 

0.78 

0.60 

0.30 

55. 

100. 

270. 

850.  ‘ 

560. 

73166 

1025 

0- HEHANG I OSARCOMA.  LUNG 

3 

0.82 

0.73 

0.5A 

0.29 

S3. 

99. 

250. 

820.  ♦ 

520. 

73152 

1032 

E-HEHANGIOSARC.  AND  8 .A. CARC. , LUNG 

2 

0.77 

0.66 

0.A5 

0.037 

50. 

93. 

230. 

660.  ♦ 

580. 

76042 

1968 

D-HEMANGIOSARCCMA, HEART 

4 

0.78 

0.71 

0.50 

0.15 

A9. 

240. 

8/0,  ♦ 

660. 

80073 

1931 

O-PULMONARY  INJURY 

1 

0.70 

0.61 

C.AO 

0.13 

A5. 

8A. 

200. 

660-  ♦ 

430. 

73152 

1214 

E-HEHANG.,LUMG;SQUmH-CELL  CARC, LUNG 

156 


A.15  5«Sr  in  Fused  Aluminosilicate  Particles,  Longevitj  Study  (continued) 


IKHALATION  EXPOSURE  DOSE  RATE  (GY/O. 

DOG  IDEMTIFICATION  .  I.B.B.  I.L.B.  . - 


TATTOO  AN-EXPT 

SEX 

8LOCX 

DATE 

AGE 

DAYS 

WT 

KG 

KBO/KG 

MBQ 

RANK 

UCI/KG 

UCI 

MBQ/KG 

MBQ 

INITIAL 

60 

DAYS 

120 

DAYS 

I 

495C 

01-964 

H 

L 

71300 

385 

8.0 

0.89 

7.0 

050 

15. 

119. 

0.55 

4.4 

0.78 

0.65 

0.55 

0 

362T 

02-701 

F 

8 

70034 

413 

6.8 

1.3 

8.9 

051 

15. 

101. 

0.55 

3.7 

0.78 

0.68 

0.60 

0 

397S 

04-790 

F 

0 

70216 

407 

8.3 

0.96 

8.1 

052 

15. 

121. 

0.55 

4.5 

0.76 

0.65 

0.56 

0. 

413b 

02-826 

H 

H 

70285 

409 

10.9 

0.85 

9.3 

053 

14. 

148. 

0.52 

5.5 

0.71 

0.60 

0.51 

0 

415V 

01-826 

F 

1 

70285 

393 

7.5 

0.85 

6.7 

054 

13. 

99. 

0.48 

3.7 

0.70 

0,59 

0.51 

0 

40SA 

02-806 

H 

70236 

387 

9.7 

0.78 

7.8 

055 

9.4 

92. 

0.35 

3.4 

0.50 

0.41 

0.34 

0. 

43SA 

04-853 

M 

J 

71027 

376 

9.9 

0.74 

7.4 

056 

9.2 

91. 

0.34 

3.4 

0.48 

0.39 

0.33 

0, 

358T 

01-704 

F 

8 

70037 

422 

9.0 

0.89 

7.8 

05’ 

9.1 

32. 

0.34 

3.0 

0.48 

0.44 

0.41 

0 

411S 

03-823 

F 

G 

70265 

400 

8.1 

0.85 

7.0 

058 

8.6 

70. 

0.32 

2.6 

0.45 

0.41 

0.38 

0 

413C 

03-826 

H 

H 

70285 

409 

12.2 

0.44 

5.2 

059 

8.5 

103. 

0.31 

3.8 

0.45 

0.38 

0.34 

0. 

393C 

02-739 

M 

C 

70215 

424 

8.2 

0.41 

3.4 

060 

7.9 

65. 

0.29 

2.4 

0.42 

0.37 

0.33 

0. 

393T 

03-789 

F 

0 

70215 

424 

6.6 

0.55 

3.2 

061 

7.9 

52. 

0.29 

1.9 

0.42 

0.34 

0.30 

0 

399T 

01-806 

F 

F 

70236 

406 

8.0 

0.48 

4.1 

062 

7.7- 

61. 

0.28 

2.3 

0.40 

0.36 

0.32 

0. 

3678 

04-700 

H 

A 

70033 

385 

9.6 

1.0 

8.5 

063 

7.6 

73. 

0.28 

2.7 

0.40 

0.36 

0.33 

0. 

754T 

02-1580 

F 

N 

74337 

410 

7.0 

0.41 

2.7 

064 

7.4 

52. 

0.27 

1.9 

0.39 

0.3/. 

0.30 

0. 

4940 

01-963 

M 

L 

71299 

403 

8.0 

0.44 

3.6 

065 

6.8 

55. 

0.25 

2.0 

0.36 

0.33 

0.31 

0. 

430V 

02-853 

F 

K 

71027 

422 

7.2 

0.81 

5.9 

066 

6.6 

48. 

0.24 

1.8 

0.35 

0.31 

0.28 

0. 

413S 

04-326 

F 

I 

70285 

409 

10.4 

0.59 

6.3 

067 

6.6 

69. 

0.24 

2.6 

0.35 

0.29 

0.26 

0. 

405S 

02-323 

F 

6 

70265 

416 

9.9 

0.52 

5.2 

068 

5.7 

57. 

0.21 

2.1 

0.30 

0.27 

0.25 

0. 

759C 

01-1586 

H 

Q 

74347 

415 

10.9 

0.36 

4.1 

069 

5.7 

62. 

0.21 

2.3 

0.30 

0.26 

0.23 

0. 

3523 

02-704 

M 

A 

70037 

433 

7.9 

0.31 

2.5 

070 

5.4 

43. 

0.20 

1.6 

0.28 

0.25 

0.23 

0. 

755A 

01-1581 

M 

0 

74338 

409 

7.1 

0.25 

1.8 

071 

5.3 

33. 

0.20 

1.4 

0.28 

0.24 

0.20 

0. 

75  4  8 

03-1580 

H 

H 

74337 

410 

8.1 

0.34 

2.7 

072 

5.2 

42. 

0.19 

1.6 

0.27 

0.25 

0.22 

0. 

431T 

01-853 

F 

K 

71027 

419 

6.6 

0.37 

2.4 

073 

4.9 

33. 

0.18 

1.2 

0.26 

0.22 

0,21 

0. 

4948 

02-963 

H 

L 

71299 

403 

9.4 

0.41 

3.7 

074 

4.9 

46. 

0.18 

1.7 

0.26 

0.21 

0.18 

0. 

360T 

02-700 

F 

B 

70033 

414 

7.9 

0.93 

7.4 

075 

4.5 

35. 

0.17 

1.3 

0.23 

0.19 

0.16 

0. 

399S 

04-806 

F 

F 

70236 

406 

9.7 

0.31 

3.1 

076 

4.3 

41. 

0.16 

1.5 

0.22 

0.20 

0.18 

0. 

398S 

04-789 

F 

0 

70215 

390 

9.6 

0.36 

3.4 

077 

4.2 

40. 

0.16 

1.5 

0.22 

0.19 

0.17 

0. 

435C 

03-853 

M 

J 

71027 

386 

9.0 

0.25 

2.3 

078 

4.1 

37. 

0.15 

1.4 

0.21 

0.18 

0.16 

0. 

3930 

01-789 

H 

c 

70215 

424 

10.5 

0.27 

2.9 

079 

4.1 

43. 

0.15 

1.6 

0.21 

0.19 

0.17 

G. 

4033 

03-806 

H 

E 

70236 

394 

7.3 

0.26 

1.9 

080 

3.9 

28. 

0.14 

1.0 

0.20 

0.18 

0.17 

0. 

75 8U 

04-1586 

F 

P 

74347 

417 

7.0 

0.48 

3.3 

081 

3.5 

24. 

0.13 

0.89 

0.18 

0.15 

0.14 

0. 

755U 

02-1586 

F 

R 

74347 

418 

6.2 

0.48 

3.1 

082 

2.6 

16. 

0.096 

0.59 

0.14 

0.12 

0.11 

0. 

7628 

01-1583 

M 

Q 

74344 

407 

6.7 

0.14 

0.93 

083 

1.6 

11. 

0.059 

0.41 

0.085 

0.074 

0.066 

0. 

756C 

02-1584 

M 

Q 

7434  5 

416 

11.0 

0.085 

0.96 

084 

1.5 

17. 

0.056 

0.63 

0.081 

0.073 

0.067 

0. 

751U 

03-1533 

F 

p 

74344 

435 

10.2 

0.089 

0.89 

085 

1.5 

16. 

0.056 

0.59 

0.080 

0.068 

0.059 

0. 

749S 

02-1577 

F 

N 

74330 

430 

8.2 

0.093 

0.74 

086 

1.5 

12. 

0.056 

0.44 

0.079 

0.071 

0.065 

0. 

749B 

03-1579 

H 

M 

74336 

436 

8.0 

0.093 

0.81 

087 

1.5 

13. 

0.056 

0.48 

0.076 

0.064 

0.057 

0. 

762U 

01-1584 

F 

R 

74345 

408 

6.9 

0.11 

0.81 

088 

1.2 

3.5 

0.044 

0.31 

0.065 

0.058 

0.053 

0. 

7568 

04-1578 

M 

0 

74331 

402 

10.6 

0.085 

0.93 

089 

1.0 

11. 

0.037 

0.41 

0.054 

0.048 

0.044 

0, 

7488 

02-1579 

M 

0 

74336 

445 

8.7 

0.074 

0.63 

090 

0.98 

8.5 

0.036 

0.31 

0.051 

0.047 

0.046 

0. 

755S 

04-1534 

F 

R 

74345 

416 

10.0 

0.10 

1.0 

091 

0.90 

9.0 

0.033 

0.33 

0.047 

0.044 

0.041 

0, 

754S 

04-1585 

F 

P 

74346 

419 

8.3 

0.15 

1.2 

092 

0.80 

6.6 

0.030 

0.24 

0.042 

0.033 

0.035 

0. 

75  2A 

03-1578 

« 

H 

74331 

414 

6.7 

0.056 

0.37 

093 

0.80 

5.3 

0.030 

0.20 

0.042 

0.039 

0.036 

0. 

751T 

03-1577 

F 

N 

74330 

421 

9.3 

0.085 

0.78 

094 

0.62 

5.8 

0.023 

0.21 

0.033 

0.029 

0,026 

0. 

754A 

01-1579 

H 

M 

74  3  36 

409 

9.7 

0.024 

0.23 

095 

0.32 

3.1 

0.012 

0.11 

0.017 

0.016 

0.015 

0. 

751V 

04-1583 

F 

R 

74344 

435 

8.4 

0.031 

0.26 

0V6 

0.31 

2.6 

0.011 

0.096 

0.016 

0.015 

0.013 

0. 

7590 

01-1585 

M 

Q 

74346 

414 

9.1 

0.033 

0.30 

097 

0.29 

2.7 

0.011 

0.10 

0.015 

0.014 

0.013 

0. 

762V 

03-1584 

F 

R 

74345 

408 

6.3 

0.067 

0.41 

098 

0.27 

1.7 

0.010 

0.063 

0.014 

0.013 

0.011 

0. 

BETA  RADIATION  DOSE  TO  LUNG 


?ATE  (GY/DAT)  CUMULATIVE  DOSE  (GY) 


120  365  AT  60  120  365  POTENTIAL  TO  DEATH  TO 

DAYS  DAYS  DEATH  DAYS  DAYS  DAYS  5000  DAYS  DEATH  DATE  DEATH  COMMENT  . 


0.55 

0.36 

0.11 

43. 

73. 

0.60 

0.41 

0.18 

44. 

82. 

0.56 

0.38 

0.064 

42. 

78. 

0.51 

0.30 

0.15 

39. 

72. 

0.51 

0.33 

0.11 

39. 

72. 

0.34 

0.20 

0.035 

If. 

50. 

0.33 

0.23 

0.035 

26. 

47. 

0.41 

0.32 

0.049 

28. 

53. 

0.38 

0.27 

0.016 

26. 

50. 

0.34 

0.23 

0.029 

25. 

46. 

0.33 

0.24 

0.083 

24. 

45. 

0.30 

0,19 

0.010 

23. 

42. 

0.32 

0.23 

0.077 

23. 

43. 

0.33 

0.23 

0.030 

23. 

43. 

0.30 

0.22 

0.093 

22. 

41. 

0.31 

0.25 

0.083 

21. 

40. 

0.23 

0.20 

0.043 

20. 

37. 

0.26 

0.13 

0.027 

19. 

36. 

0.25 

0.17 

T.0063 

17. 

33, 

0.23 

0.16 

0.043 

17. 

32. 

0.23 

0.17 

0.023 

16. 

3.0 

0.20 

0.14 

0.022 

16. 

29. 

0.22 

0.17 

0.059 

15. 

30. 

0.21 

0.17 

0.047 

14. 

27. 

0.18 

0.12 

0.020 

14. 

25, 

0.16 

0.10 

C.0040 

13. 

23. 

0.18 

0.13 

0.035 

13. 

24. 

0.17 

0.12 

0.020 

12. 

23. 

0.16 

0.12 

0.038 

12. 

22. 

0.17 

0.12 

0.013 

12. 

23, 

0.17 

0.12 

0.020 

12. 

22, 

0.14 

0.11 

0.029 

10. 

19. 

0.11 

0.079 

0.019 

7.7 

15. 

0.066 

0.049 

0.00/0 

4.8 

9.0 

0.067 

0.048 

0.0090 

4.6 

8.8 

0.059 

0.040 

0.0070 

4.4 

8.2 

0.065 

C.030 

0.010 

4.5 

8.5 

0.057 

0.042 

0.0060 

4.2 

7.8 

0.053 

0.039 

0.0050 

3.7 

7.0 

0.044 

0.031 

0.0077 

3.1 

5.8 

0.046 

0.036 

3.0040 

3.0 

5.8 

0.041 

0.032 

0.0040 

2.7 

5.3 

0.033 

0.028 

0.0040 

2.4 

4.6 

0.036 

0.023 

0.0050 

2.4 

4.7 

0.026 

0.019 

0.0048 

1.8 

3.5 

0.015 

0.012 

0.0012 

0.99 

1.9 

0.013 

0.0093 

0.00080 

0.93 

1.8 

0.013 

0.010 

0.0010 

0.89 

1.7 

0.011 

0.0069 

0.00070 

0.81 

1.5 

190. 

600.  ♦ 

480. 

76295 

1821 

200. 

600.  ♦ 

430. 

73123 

1185 

190. 

600.  ♦ 

540. 

77032 

2373 

170. 

630.  ♦ 

340. 

74037 

1213 

170. 

500.  ♦ 

380. 

74285 

1461 

110. 

330.  ♦ 

290. 

76358 

2313 

110. 

400.  ♦ 

360. 

78223 

2753 

140. 

490.  ♦ 

440. 

76275 

2429 

130. 

340.  ♦ 

320. 

77304 

2596 

110. 

340.  ♦ 

310. 

77224 

2496 

110. 

410.  ♦ 

310. 

75  072 

1683 

100. 

290.  «■ 

280. 

79234 

3306 

110. 

400.  + 

310. 

75217 

1807 

110. 

340.  + 

310. 

77091 

2615 

100. 

410.  ♦ 

290. 

79104 

1593 

110. 

400.  + 

310. 

76176 

1703 

95. 

340.  ♦ 

290. 

77140 

2305 

87. 

280.  ♦ 

250. 

77177 

2449 

84. 

220.  ♦ 

210. 

81014 

3767 

80. 

290.  ♦ 

230. 

80260 

2104 

79. 

290.  ♦ 

260. 

77310 

2830 

72. 

230.  ♦ 

220. 

84163 

3477 

78. 

320.  ♦ 

240. 

80109 

1963 

74. 

300.  ♦ 

240. 

76295 

2094 

60. 

200.  * 

180. 

78329 

2587 

53. 

150.  ♦ 

140. 

79158 

3412 

62. 

230.  ♦ 

190. 

76201 

2156 

57. 

200.  ♦ 

170. 

77223 

2565 

55. 

240.  ♦ 

190. 

77076 

2241 

57. 

200.  ♦ 

190. 

79173 

3245 

56. 

200.  ♦ 

180. 

77315 

2636 

48. 

180.  ♦ 

150. 

80186 

2030 

37, 

130.  * 

110. 

81091 

2301 

23. 

88.  ♦ 

86. 

86161 

4200 

23. 

84.  ♦ 

80. 

85256 

3929 

20. 

70.  ♦ 

61. 

84024 

3332 

22. 

90.  ♦ 

85. 

84272 

3594 

20. 

73.  ♦ 

72. 

8V153 

5296 

18. 

66.  ♦ 

64. 

86234 

4274 

15. 

48.  ♦ 

39. 

80045 

1905 

16. 

71.  ♦ 

73. 

88047 

4824 

14. 

55.  ♦ 

49. 

83213 

3155 

12. 

45.  ♦ 

44. 

84314 

3620 

12. 

52.  ♦ 

48. 

85345 

4032 

8.8 

31.  ♦ 

26. 

80196 

2C57 

5.2 

23.  ♦ 

22. 

86365 

4412 

4.5 

17.  ♦ 

16. 

86199 

4238 

4.6 

17.  ♦ 

16. 

86323 

4774 

3.7 

10.  ♦ 

8.8 

82188 

2765 

E-HEHANGIOSARC., SPLEEN;  B. A. CARCINOMA 
D-NEHANGIOSARCOMA,LUNG 
D-PULMONARY  INJURY 
0-HEHANGI0SARC0HA,LUNG 
O-HEHANGIOSARCOHA,  HEART 
E  -  HEHANG I  OSAR  COMA ,  HE  AR  T 
E-HEHANGIOSARC., RI8;B-A-CARCINOMA 
O-HEHANGIOSARCCHA.HEART.-H-A-CARCINOMA 
O-PULMONARY  INJURY, -COMBINED  CARC.,LUNG 
E-SCUAMOUS  CELL  CARCINOMA, NASAL  CAVITY 
E-HEMANGIOSARCCMA,SITE  UNDETERMINED 
0  -  HEMANG  lOSAR  COMA  .HEART 
D-HEHANGIOSARCOMA, TBLN 
O-ASPIRATION  PNEUMONIA;B-A-CARCINOMA 
O-HENANGIOSARCCMA,  HEART 
D-HEMANGIOSARCOMA,  HEART 
E -HEMANOIOSARCCHA ,  HEAR  T 
D-HEMANCIOSARCOMA,  HEART 
E  -HEMANOIOSARCCHA  ,0 1 SSEMI  HATED 
E-HEHANGIOSARCCMA,LUNG 
0-SQ.CELL  CARC, LUNG, -HEMANGIOSARC., TBLN 
D-HEHANGIOSARCCMA,UNOET.;PUL.  ADENOMA 
E-HEMANGIOSARCCMA,  muscle 
O-HEHANGIOSARCCMA,  HEART 
0-HEHAMCIOSARCOMA,T8LN 
0-ULCERATIVE  PHARYNGITIS 
D-HEHANGIOSARCOMA,  HEART 
E-HEMANGIOSARCCMA, LUNG 
E-HEMANGIOSARCCMA,  HEART 
E  -  HEMANOIOSARCCHA ,  HEAR  T 
E-HEMANGIOSARC.,SITE  UNO.  ;B-A-CARCIMOHA 
E-HEMANGIOSARCCMA,  SPLEEN 
E-HEMANGIOSARCCMA,  LIVER 
E-HEMANGICSARCCHA,T3LN 
E-HEMANGIOSARCOMA,TBLN 
E-ANGIOSARCCHA,TBLN 
E-HEMANGIOSARCOMA,  HEART 
O-'HJL.  FIBROSIS,  PUL.  ADENOCARCINOMA 
E  -  HEMANG  I  OSAR  CCMA ,  T8  L  N ;  CAR  C I  NOMA ,  LUNG 
E-HEMANGIOSARCCMA,  TBLN 
E-HESOTHELIOHA,  PLEURAL 
E-HEMANGIOSARCCMA,  SPLEEN 
E- CARC I  NOMA, LUNG 
E-HEMANGICSARCCMA,TBLM 
E  -  HEMANG  I  OSAR  CCMA ,  TB  L  N 
O-CAROIOHYOPATHY, HEART 
E- CARC  I  NOMA,  MAMMARY  GLAND 
E  •  CHOLANGIOCARCI  NOMA  .LIVER 
E-H£!LANGIOSARCCMA,TRLH 
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A.15  ®®Sr  in  Fused  Aluminosilicate  Particles,  Longevity  Study  (continued) 


DOG  IDENTIFICATION 

INHALATION  EXPOSURE 

I.B.B. 

I.L.B. 

DC 

AGE  WT 
BLOCK  DATE  DAYS  KG 

6C 

INITIAL  DAY 

TATTOO  AN-EXPT  SEX 

HSO/KG  MBQ 

RANK  UCl/KG 

UCI  H8Q/KG 

MBQ 

758T 

03-1585 

F 

P 

74346 

416 

7.0 

0.017 

0.12 

099 

0.26 

1.8 

0.0096 

0.067 

0.014 

0.01 

748T 

04-1579 

f 

N 

74336 

445 

5.8 

0.026 

0.15 

100 

0.25 

1.5 

0.0093 

0.056 

0.013 

0.01 

763A 

02-1585 

M 

Q 

74346 

408 

9.9 

0.024 

0.24 

101 

0.22 

2.2 

0.0081 

0.081 

0.011 

0.01 

750A 

01-1577 

H 

M 

74330 

428 

10.5 

0.022 

0.23 

102 

0.18 

1.8 

0.0067 

0.067 

0.0092 

0.00 

763S 

02-1583 

F 

P 

74344 

406 

8.2 

0.033 

0.27 

103 

0.15 

1.2 

0.0056 

0.044 

0.0078 

0.00 

758C 

01-1578 

H 

0 

74331 

401 

7.7 

0.021 

0.17 

104 

0.15 

1.1 

0.0056 

0.041 

0.0077 

0.00 

756A 

02-1578 

M 

0 

74331 

402 

10.2 

0.024 

0.24 

105 

0.12 

1.3 

0.C044 

0.048 

0.0065 

0.00 

7A9T 

04-1577 

F 

N 

74330 

430 

7.9 

0.027 

0.21 

106 

0.12 

0.94 

0.0044 

0.035 

0.0062 

o.ow 

35AS 

02-699 

f 

B 

70027 

417 

7.8 

C 

361B 

01-699 

H 

A 

70027 

408 

12.0 

C 

397U 

01-788 

F 

0 

70212 

403 

7.5 

C 

399B 

02-788 

M 

C 

70212 

382 

10.9 

c 

A01S 

01-811 

F 

F 

70240 

4C6 

8.5 

c 

40Z8 

02-811 

H 

E 

70240 

399 

11.1 

c 

405U 

01-816 

F 

G 

70247 

398 

6.8 

c 

413U 

01-830 

F 

I 

70289 

413 

9.4 

c 

418C 

02-830 

H 

H 

70289 

368 

11.4 

c 

■  ' 

431$ 

02-851 

F 

K 

71025 

417 

7.4 

c 

437A 

01-851 

H 

J 

71025 

378 

10.9 

c 

497A 

01-962 

H 

L 

71299 

374 

11.1 

c 

751S 

03-1576 

F 

N 

74329 

420 

11.6 

c 

754C 

01-1576 

H 

H 

74329 

402 

6.7 

c 

758A 

02-1576 

H 

0 

74329 

399 

11.2 

c 

7588 

03-1582 

H 

a 

74343 

413 

10.4 

c 

761 S 

01-1582 

F 

R 

74343 

407 

9.8 

c 

762T 

02-1582 

F 

p 

74343 

406 

7.2 

c 

***««****«*«*«*«-****««*** 


UCI/KG  REPREIEMTS  HICROOJRIES  Of  RAOIONUCLIOE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

M80/ICG  REPRESENTS  MEGA8EQUERELS  Of  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITS  POTENTIAL  INFINITE  DOSE. 

COMMENT;  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDINGS  AR: 


(D 


S’SJSSSjeSSSXS^SSSaSWBm 


BETA  RAOIATIOM  COSE  TO  LUNfi 

OOSE  RATE  (GY/OAY)  CUMULATIVE  DOSE  <CY) 


D 


60  120  365  AT  60  120  365  POTENTIAL  TO  DEATH  TO 

lAL  DAYS  DAYS  DAYS  DEATH  DAYS  DAYS  DAYS  5000  DAYS  DEATH  DATE  DEATH  COMMENT 


14 

0.013 

0.012 

0.0087 

0.00060 

0.79 

1.5 

4.0 

13 

0.012 

0.011 

0.0079 

0.00030 

0.76 

1.5 

5.3 

!1 

0.011 

0.0059 

0.0075 

0.00030 

0.66 

1.3 

3.4 

192 

0.0085 

0.0079 

0.0058 

0.00080 

0.53 

1.0 

2.7 

)78 

0.0072 

0.0067 

0.0048 

0.00020 

0.45 

0.87 

2.3 

)77 

0.0072 

0.0068 

0.0054 

0.00070 

0.45 

0.87 

2.4 

;6S 

0.0060 

0.0056 

0.0040 

0.00020 

0.38 

0.72 

1.9 

.'62 

0.0059 

0.0055 

0.0042 

0.00045 

0.36 

0.70 

1.9 

11.  ♦ 

10. 

82351 

2927 

D-PULMONARY  THROMBOSIS 

9.7* 

9.5 

86143 

4190 

D-HEART  FAILURE 

15.  ♦ 

14. 

88041 

4808 

E-HEHANGIOSARCOHA,  SPLEEN 

11.  ♦ 

9.5 

85172 

3860 

E-LYHPHOSARCOHA, LIVER 

5.8+ 

5.7 

37182 

4591 

E-LYMPHOSARCOHA, BRAIN 

7.9+ 

7.7 

84093 

3414 

E-HEHANGIOSARCOMA,TBLN 

6.6+ 

6.2 

88176 

4958 

E-PYELONEPHPtTIS 

5.7+ 

5.5 

82075 

2667 

E-HEHANGIOSARCOHA, LIVER 

81198 

4189 

E-AOENOCARCINOMA,  MAMMARY  GLAND 

83211 

4932 

0- CARCINOMA, LUNG 

85273 

5540 

E-PYELONEPHRITIS, KIDNEY 

84073 

4974 

E-ADENOCARC I  NOMA, PROSTATE 

85106 

5345 

E-AOENOCARCINOMA, MAMMARY  GLAND 

85133 

5372 

D-BRONCHOPNEUHONIA,LUNG 

80275 

3680 

D-CARCINOMA,LUNC 

83244 

4703 

E -CARCINOMA, BLADDER 

85067 

5257 

E-HALIGNANT  MELONOMA,ORAL 

82244 

4237 

E-TRANSITIONAL  CELL  CARCINOMA 'BLADDER 

85318 

5407 

D-LYHPHOSARCCMA, GENERALIZED 

82140 

3859 

E-CARCINOMA, HEPATOCELLULAR 

86200 

4254 

D-FIBRO+1A, VAGINA 

86022 

4076 

O-HEMANGIOCARCCMA, HEART 

84211 

3534 

E-ADENOCARCTNCMA, PANCREAS 

865:5 

4375 

D-BRONCHIOLITIS,LUMG 

81344 

2558 

D-ACCIDENTAL  DEATH 

91159 

6025 

0-PYELONEPHRITIS;CARCINOMA,LUNG 

TINGS  ARE  INCLUDED. 


A.16  in  Fused  Aluminosilicate  Particles,  Repeated  Exposure  Stud; 


BETA  RAOIATIOM  DOSE  TO  LUNG 


DOSE  RATE  ( GY/DAY >  CUMULATIVE  DC 


INITIAL 

EXPOSURE 

FINAL 

EXPOSURE 

DOG  IDENTIFICATION 

AFTER 

AFTER 

AGE 

WT 

AGE 

WT 

INITIAL 

FINAL 

AT 

365 

730 

POTE 

TATTOO  AH-EXPT 

SEX 

GROUP 

DATE 

DAYS 

KG 

DATE 

DAYS 

KG 

EXP. 

EXP. 

DEATH 

DAYS 

DAYS 

INFl 

645C 

01-1294 

M 

I 

73340 

518 

8.3 

75288 

1195 

9.5 

.18 

.75 

.0028 

130 

370 

52 

648U 

02-1294 

F 

I 

73340 

513 

6.5 

75288 

1191 

7.1 

.18 

.64 

130 

350 

48 

664C 

03-1294 

H 

I 

73340 

452 

9.6 

75288 

1130 

11.7 

.20 

.65 

.0038 

130 

370 

50 

64U 

04-1294 

F 

I 

73340 

526 

8.9 

75  288 

1204 

11.5 

.19 

.60 

.0017 

110 

310 

44 

644T 

05-1294 

F 

I 

73340 

518 

7.1 

75288 

1195 

8.3 

.14 

.64 

.065 

120 

350 

48 

646S 

01-1295 

F 

I 

73341 

518 

7.1 

75289 

1196 

9.0 

.15 

.48 

100 

260 

36 

654T 

02-1295 

F 

I 

73341 

495 

7.6 

75  289 

1173 

8.5 

.17 

.72 

.0011 

130 

350 

50 

64SS 

03-1295 

F 

I 

73341 

519 

9.C 

75289 

1197 

12.5 

.24 

.55 

.00044 

110 

3'") 

41 

641C 

04-1295 

M 

I 

73341 

527 

9.3 

75  289 

1205 

11.3 

.23 

.71 

.0012 

*50 

380 

52 

662U 

01-1292 

F 

II 

73338 

458 

6.2 

75286 

1136 

7.2 

.58 

.46 

170 

340 

43 

6S4S 

02-1292 

M 

II 

73333 

492 

6.3 

75286 

1170 

7.2 

.54 

.54 

160 

340 

45 

645A 

03-1292 

H 

II 

73338 

516 

10.7 

75286 

1194 

12.1 

.74 

.55 

.00085 

180 

360 

47 

651S 

04-1292 

F 

II 

73338 

500 

3.4 

75  286 

1178 

9.4 

.62 

.57 

170 

360 

47 

665B 

05-1292 

M 

II 

73338 

434 

8.8 

75286 

1112 

10,2 

.67 

.53 

.00052 

180 

350 

46 

654A 

01-1293 

H 

II 

73339 

493 

10.6 

7528  7 

1171 

11.6 

.56 

.53 

.0022 

180 

380 

49 

641B 

02-1293 

M 

II 

73339 

525 

10.9 

75287 

1203 

12.5 

.55 

.46 

.00056 

170 

340 

43 

6483 

03-1293 

H 

II 

73339 

512 

8.6 

75287 

1220 

9,0 

.55 

.58 

.0054 

170 

370 

48 

648S 

04-1293 

F 

It 

73339 

512 

7.5 

75287 

1220 

8.2 

.66 

.65 

.020 

190 

390 

52 

649U 

01-1290 

F 

III 

73333 

502 

9.2 

75282 

1180 

9.2 

.30 

:8 

.0036 

87 

180 

23 

6S0U 

02-1290 

F 

III 

73333 

SOI 

8.5 

75  282 

1178 

10.0 

.26 

.32 

91 

200 

26 

649V 

03-129? 

F 

III 

73333 

502 

7.8 

75282 

1180 

8.9 

.33 

.29 

.00056 

93 

190 

25 

6506 

04-1290 

H 

III 

73333 

501 

9.8 

75282 

1178 

11.3 

.30 

.34 

93 

200 

27 

641A 

05-1290 

H 

III 

73333 

519 

13.5 

75282 

1178 

13.2 

.34 

.24 

,00072 

87 

180 

23 

662S 

01-1291 

F 

III 

73334 

454 

10.8 

75283 

1133 

11.5 

.31 

.19 

.00019 

85 

210 

25i 

655U 

02-1291 

F 

III 

73334 

486 

8.2 

75283 

1165 

10.4 

.28 

.25 

.0028 

78 

160 

21> 

644S 

03-1291 

F 

in 

73334 

512 

10.5 

75283 

1191 

11.6 

.33 

.23 

84 

170 

211 

665A 

04-1291 

H 

III 

73334 

430 

10.4 

75  283 

1109 

10.9 

.39 

.25 

.17 

94 

19? 

241 

6648 

01-1288 

H 

c 

73331 

443 

11.3 

75  273 

1115 

11.8 

664A 

02-1288 

M 

c 

73331 

443 

11.9 

75273 

1115 

11.9 

648T 

03-1288 

F 

c 

73331 

504 

7.9 

75273 

1076 

8.9 

663S 

04-1288 

F 

c 

73331 

451 

9.5 

75273 

1123 

11.2 

646B 

05-1288 

H 

c 

73331 

508 

8.2 

75050 

957 

9.8 

648A 

01-1289 

H 

c 

73332 

505 

8.4- 

75274 

1178 

9.1 

649S 

02-1289 

H 

c 

73332 

501 

10.9 

75274 

1174 

11.4 

662T 

03-1289 

F 

c 

73332 

452 

9.8 

75274 

1124 

9.7 

657A 

04-1289 

H 

c 

73332 

477 

9.6 

75274 

1150 

10.6 

****«**«*«******«•»*«*•«* 


EXPOSURE  GROUPS; 

GROUP  I  -  LUNG  BURDEN  INCREASED  BY  ,093  MBO  (2.5  UCIJ  U4-CE/KG  BCOY  WEIGHT  EVERY  56  DAYS  fOR  13  EXPOSUI 

GROUP  II  -  LUNG  BURDEN  RE-ESTABLISHED  AT  .33  MBQ  (9,0  UCI )  144-CE/KG  BOOT  WEIGHT  EVERY  56  DAYS  FOR  13  EXI 

GROUP  III  -  LUNG  BURDEN  RE-ESTABLISHED  AT  .17  M30  (4.5  UCI)  144-CE/KG  BCfiY  WEIGHT  EVERT  56  DAYS  FOR  13  EXI 

UCI/XG  REPRESENTS  MICROCURIES  OF  RADIONUCLIDE  PER  XILOGRAM  OF  TOTAL  BCOY  WEIGHT. 

MBQ/KG  REPRESENTS  MEGABEOUERELS  OF  RADIONUCLIDE  PER  XILOGRAM  OF  TOTAL  300Y  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  OOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

♦  INDICATES  THE  DOG  DIED  BEFORE  IT  RECEIVED  ITC  POTENTIAL  INFINITE  OOSE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PROMINENT  FINDING! 


.  RAOIATIOM  DOSE  TO  LUNG 


DAY)  (mJLATIVE  DOSE  (GY) 

.  DAYS  fROM 

fIRST 

AT  345  730  POTENT.  TO  DEATH  INHALATION 

DEATH  DAYS  DAYS  INFIN,  DEATH  DATE  TO  DEATH  COMHEHT 


.0028 

130 

370 

520 

520 

79240 

2091 

130 

350 

480 

480 

80275 

2491 

.0038 

130 

370 

500 

500 

79124 

1975 

.0017 

110 

310 

440 

440 

79315 

2166 

.065 

120 

350 

480* 

460 

77135 

1256 

100 

260 

360 

360 

85117 

4159 

.0011 

130 

350 

500 

500 

80094 

2309 

.00044 

110 

300 

410 

410 

80263 

2478 

.0012 

150 

380 

520 

520 

80074 

2289 

170 

340 

430 

430 

81254 

2838 

160 

340 

450 

450 

83019 

3333 

.00035 

180 

360 

470 

470 

80092 

2310 

170 

360 

470 

470 

82292 

3241 

.00052 

180 

350 

460 

460 

80211 

2429 

.0022 

180 

360 

490 

490 

79215 

2067 

.00056 

170 

340 

430 

430 

80151 

2368 

.0054 

170 

370 

480 

480 

79008 

1860 

.020 

190 

390 

520 

520 

78071 

1558 

.0036 

37 

180 

230 

230 

78279 

1772 

91 

200 

260 

260 

81202 

2791 

.00056 

93 

190 

250 

250 

80032 

2255 

93 

200 

270 

270 

84200 

3854 

.00072 

87 

180 

230 

230 

79292 

2150 

.00019 

85 

210 

250 

250 

80199 

2421 

.0023 

78 

160 

210 

210 

78312 

1804 

84 

170 

210 

210 

83139 

3457 

.17 

94 

190 

240* 

190 

76010 

771 

83356  3677 
8600A  4421 
76288  1052 
88273  5420 
75067  466 
88133  5279 
83166  3486 
86209  4625 
85249  4300 


0-HYELOHALACIA;HEHANGIOSARCO*1A,LUN5 
D-FI8RIH0US  PNEUMONIA 

D-HEHANGIOSARC.. SPLEEN, -SQUAM. CELL  CARC.,LUNG 

O-PULHONARY  INJURY 

D-PULMONARY  INJURY 

D-INTERSTITIAL  PNEUMONIA 

D-HEHANSnSARCOMA.  HEART 

E-CARCINCMA, THYROID 

D-CARCINOtA,LUNG 

E-HEMANGIOSAfiCCMA,TSI  N;  CAR  Cl  NOMA.  LUNG 
E-HEMANGICSARCCMA, SPLEEN 
0- CARCINOMA, LUNG 

E-CARCINOMA,LUHG,-H£MANGIOSARCOMA,ISLN 
D-AO£NOCARCINCMA,LUNG 
C-PNEUMONITIS  AND  F  IBROSIS;B-A-aRCINOMA 
0- CARCINOMA, LUNG 

0-PNEUH.  AND  FIBROSIS;B-A-CARC.;H£l«NGIOSARC.,T3LM 
D-HEHOLYTIC  ANEMIA 
E-PARVOVIRUS  INFECTION 
E-HEMANGIOSARCOMA, SPLEEN 
E- TUMOR, BRA  IN 

E  -COMe  I  NED  CARC I NOFJL ,  LUNG;  CARCINOSARCOMA ,  LUNG 
E-HEMANGIOSARCOMA, LIVER 
0-HEMANGIOSARCCMA,TBLN 
E-HEMANGIOSARCOMA, TBLN 

D-RAOIATION  PNEUMONITIS  AND  PUU«3NARY  FIBROSIS 
D-SONE  HARROW  APLASIA 
E-THYROlO  CARCINOMA 
0-HEMANGIOSARCOMA,RIPNEY 

o-autohemolytic  anemia 
0-CARCINOMA,LUNG 

O-ACCIDEMTAL  DEATH  AFTER  NINTH  EXPOSURE 
E-LTHPHOSARCCMA, LIVER 
D-TRANSITICNAL  CELL  CARCINOMA, BLADDER 
E-FIBROSARCOMA,ORAL  CAVITY 
D-PRCSTATITIS 


£RY  56  DAYS  FOR  13  EXPOSURES. 

T  E'/ERY  56  DAYS  FOR  13  EXPOSURES, 
r  EVERY  54  DAYS  FCR  13  EXPOSURES. 


ATIOH  EXPOSURE. 


IVELY.  PROMINENT  FINDINGS  ARE  INCLUDED. 


A.17  MonodLsptrse  Aerowil  (1.5  ;cm  AM,\D).  Ivongerily  .Siiidy 


CUMULATIVE  ALPHA  RAD  I  AT  I CH 


INHALATION  EXPOSURE 

OOO  IDENTIFICATION  .  U8  (W8CJ  IIB  (R> 

.  AGE  WT  . . 

TATTOO  AN-EXPT  SEX  BLOCK  DATE  CATS  KG  RANK  UCI/KC  UCI  KSO/KG  KSO  KSQ 


COSE  TO  death  (GT) 


FROM  IL8  (UEC)  FROM  UB  (REC.) 

LUNG  LIVER  BONE  LUNG  LIVtR  BON 


701A 

02-  UA4 

H 

C 

74122 

430 

9.4 

01 

1.P 

9.3 

37. 

340. 

300 

59. 

20. 

9.6 

85  TV 

01-1742 

F 

J 

75343 

395 

9.8 

C2 

1.0 

9.3 

37. 

340. 

440 

57. 

15. 

7.1 

7468 

02-1548 

H 

G 

74253 

364 

10.3 

03 

0.87 

9.3 

32. 

340. 

780 

66. 

8.9 

4.2 

718IJ 

01-1484 

F 

F 

74169 

406 

7.5 

C4 

0.87 

6.1 

32. 

230. 

280 

48. 

15. 

7.4 

776A 

02-1490 

M 

E 

74171 

378 

11.5 

CS 

0.80 

9.3 

30. 

340. 

260 

62. 

13. 

6.1 

690S 

02-1353 

F 

S 

74029 

400 

S.O 

06 

0.80 

6.1 

30. 

230. 

210 

46. 

16. 

7.5 

684A 

01-1362 

n 

A 

74031 

417 

10.5 

07 

0.55 

5.8 

20. 

210. 

190 

33. 

13. 

6.1 

e77C 

02-1832 

M 

K 

76078 

414 

13.1 

CS 

0.52 

6.7 

19. 

250. 

440 

32. 

2.6 

1.2 

747S 

C3-1552 

F 

H 

74255 

T66 

7.3 

C9 

0.49 

3.8 

18. 

UO. 

137 

■7. 

n. 

5.3 

726T 

03-1484 

F 

F 

74169 

376 

16,0 

*0 

0.44 

-.3 

>.-!>. 

160. 

150 

26, 

11. 

5.3 

:.6T 

um;:; 

F 

H 

74255 

*66 

9.6 

11 

0.41 

3.9 

15. 

UO. 

no 

CM  . 

8.2 

4.0 

708T 

02-1440 

F 

0 

74120 

406 

7,3 

12 

0.39 

2.8 

1  «  • 

100. 

160 

23. 

6.0 

2.9 

745A 

03-1548 

M 

G 

74253 

36.5 

7.9 

13 

0.37 

2.9 

14. 

110. 

no 

<2. 

9.0 

4.4 

707T 

03-1444 

F 

0 

74122 

412 

S.6 

14 

0.33 

2.8 

100. 

93 

20. 

8.6 

4.2 

723C 

01-1490 

N 

E 

74171 

383 

8.7 

15 

0.32 

2.8 

li‘ 

100. 

100 

19. 

7.5 

3.7 

5588 

02-1746 

M 

1 

73345 

395 

10.6 

16 

0.30 

3.1 

■■K 

110. 

140 

17. 

5.3 

2.6 

73  7A 

02-1552 

M 

S 

74255 

418 

10.3 

17 

0.29 

■3.0 

11. 

110. 

89 

18. 

7.7 

3.7 

861S 

02-1742 

F 

J 

75343 

380 

fi.O 

18 

0.29 

2.3 

11. 

85. 

130 

17. 

4.3 

2.3 

877T 

02-1828 

F 

L 

76077 

413 

9.8 

19 

0.27 

2.6 

10. 

96, 

200 

16. 

6.0 

3.0 

858T 

02-1744 

F 

J 

75344 

394 

9.5 

20 

0.27 

2.5 

10. 

93. 

24 

16. 

16. 

7,6 

7058 

01-1444 

N 

C 

74122 

416 

8,0 

21 

0.26 

2.1 

9.6 

78. 

67 

16. 

7.8 

3.7 

880T 

01-1828 

F 

L 

76076 

401 

7,6 

22 

0.25 

1.9 

9.3 

70. 

120 

15. 

5.7 

2.8 

6938 

03-1362 

M 

A 

74031 

383 

9.7 

23 

0.23 

2.3 

8.5 

85. 

85 

14. 

6.6 

3.2 

86TA 

01-1746 

« 

I 

73345 

380 

8.3 

24 

0.23 

1.9 

B.5 

70. 

96 

U. 

4.9 

2.4 

860C 

03-1746 

M 

1 

75  3  4  5 

384 

11.0 

25 

0.21 

2.3 

7.8 

85. 

120 

13. 

$.6 

2.7 

7258 

02-1492 

M 

f 

74172 

379 

11.3 

26 

0.20 

2.2 

7.4 

81. 

96 

12. 

6.6 

3.2 

699A 

01-1440 

M 

C 

74120 

434 

8.3 

27 

0.19 

1.5 

7.0 

56. 

81 

n. 

4.7 

2.3 

685A 

03-1358 

« 

A 

74029 

415 

10.0 

29 

0.19 

1.9 

7.0 

70. 

70 

12. 

5.9 

2.9 

692S 

01-1358 

F 

8 

74029 

384 

8.3 

29 

0.18 

1.5 

6.7 

56. 

52 

n. 

6.4 

3.1 

691S 

03-1360 

F 

8 

740j0 

399 

13.0 

30 

0.17 

1.7 

6.3 

63. 

63 

8.1 

4.9 

2.4 

71 5C 

02-1484 

M 

E 

74169 

422 

9.6 

31 

0.15 

1.4 

5.6 

52. 

100 

9.0 

5.1 

2.4 

725T 

02-1486 

F 

F 

74170 

377 

11.2 

32 

0.15 

1.7 

5.6 

63. 

74 

9.3 

4.7 

2.3 

876A 

03-1828 

N 

K 

76077 

421 

11.7 

33 

0.13 

1.5 

4.8 

56. 

100 

7.7 

2.8 

1.4 

704U 

03-1440 

F 

0 

74120 

415 

8.8 

34 

0.12 

1.1 

4.4 

41. 

78 

7.5 

2.6 

1.3 

875A 

03-1832 

H 

K 

76078 

427 

13.2 

35 

0.11 

1.5 

4.1 

56. 

85 

6.9 

2.9 

1.4 

745T 

01-1554 

F 

H 

74256 

371 

9.1 

36 

C.10 

0.87 

5.7 

32. 

44 

9.7 

8.0 

4.0 

746A 

01-1550 

Ft 

0 

7Nr34 

365 

9.7 

37 

0.090 

0.80 

3.3 

30. 

41 

5.7 

4.2 

2.0 

87SS 

01-1832 

F 

L 

76078 

427 

10.7 

38 

0.090 

1.0 

3.3 

37. 

85 

5.7 

2.5 

1.2 

692U 

02- *362 

F 

8 

74031 

3M 

6.3 

39 

0.090 

0.53 

3.3 

20. 

31 

5.3 

4,1 

2.0 

8778 

03-1834 

M 

K 

76079 

415 

11.4 

40 

0.090 

1.0 

5.3 

37. 

59 

5.4 

2.7 

1.3 

71SV 

03-149J 

F 

F 

74171 

4C.A, 

7.9 

41 

0.080 

0.63 

3.0 

23. 

41 

4.9 

3.4 

1.6 

8X9S 

01-1830 

F 

L 

76C77 

4.05 

9.7 

42 

0.070 

0.73 

2.6 

27. 

4« 

4.6 

1.8 

0.90 

6558 

03-1364 

M 

A 

74032 

4 '3 

9.4 

43 

0.070 

0.67 

2.6 

25, 

33 

4.5 

3  3 

1.6 

73SA 

03-1550 

M 

C 

74254 

410 

10.4 

44 

0.070 

0.73 

2.6 

27. 

31 

4.4 

2.1 

1.3 

8609 

03-1744 

M 

I 

75  344 

383 

10.7 

45 

0.060 

0.61 

2.2 

23. 

31 

3.6 

2.7 

1.3 

7C8U 

02-1446 

F 

0 

74123 

409 

7.4 

46 

0.060 

0.42 

2.2 

'6. 

30 

3,6 

3.8 

1.8 

744U 

01-1543 

F 

H 

74253 

376 

7.8 

47 

0.060 

0.44 

2.2 

16. 

23 

3.5 

1.8 

0.90 

85  7X 

01-1743 

F 

J 

75346 

398 

9.3 

48 

0.060 

0.51 

2.2 

19. 

41 

3,2 

2.4 

1.1 

8748 

03-1830 

M 

K 

76077 

423 

12.3 

49 

0.050 

0.59 

1.9 

22, 

37 

3.0 

2.0 

1.0 

51. 

17. 

8.3 

74. 

19. 

9.: 

52. 

7.1 

3 . ' 

54. 

17. 

8.3 

47, 

9.6 

4,7 

41. 

14. 

6.8 

23. 

n. 

5.1 

*5 

4  .* 

^  4 

27. 

10. 

V.f 

26, 

n. 

5.3 

19. 

6.3 

V.'t 

35. 

9.2 

^ ^ 

22. 

9.0 

*>  •  *• 

18. 

7.6 

3.8 

22. 

8.5 

4.2 

20. 

5.9 

2.9 

14. 

5.9 

2.9 

25. 

6.9 

3.3 

31. 

12. 

5.3 

4.3 

4,3 

2.C 

U. 

6.7 

3.2 

25, 

9.6 

4,7 

14. 

6,6 

3.2 

18. 

6.4 

3.1 

16. 

7.1 

3.5 

13. 

6.9 

3.3 

IS. 

6.6 

3.2 

12. 

6.2 

3.0 

11. 

6.0 

2.9 

8.6 

5.2 

2.5 

*8. 

10. 

3.9 

n. 

5.5 

2.7 

13, 

4.6 

2.3 

u. 

4. .8 

2.3 

8.7 

3.7 

1.8 

7.7 

6.4 

3.2 

7.8 

5.9 

2.8 

12. 

$.3 

2.6 

5.3 

4.1 

2.2 

11. 

5.4 

2.1 

7.8 

6.2 

3,1 

8.1 

3.2 

1.4 

4.9 

3.6 

1,7 

4,5 

3.4 

1.6 

5.3 

3.9 

1.8 

8,0 

8.9 

*..0 

7.9 

4.1 

2.13 

7.3 

5,7 

2.7 

5.Q 

3.5 

t.r 

CUMULATIVE  ALPHA  RAOIATICN 


OO^E  TO  death  (GY) 


RE  (WC) 
LlVcR  BONE 

fBO« 

LUNG 

RS  (EEC.) 
LIVER  BONE 

DEATH 

DATE 

OArs 

TO 

death 

20. 

9.6 

51. 

17. 

8.3 

73012 

1351 

15, 

7.1 

76. 

19. 

9.2 

78364 

1097 

8.9 

6.2 

52. 

7.1 

3.6 

76315 

792 

15. 

7.4 

56. 

17. 

8.3 

77355 

1282 

13. 

6.1 

67. 

9.6 

6.7 

77132 

1107 

16. 

7.5 

61. 

16. 

6.8 

79313 

8  7  0^ 

13. 

/  < 

cd. 

11. 

5.1 

73073 

1501 

2.6 

i.2 

55. 

6.5 

2.1 

77248 

556 

11. 

5.3 

27, 

10. 

6.9 

73.775 

1631 

n. 

5.3 

26. 

11. 

5.3 

79023 

16.30 

8.2 

4.0 

*9. 

6.3 

3,1 

78171 

1377 

6.0 

^  <y 

.35. 

9.2 

4.4 

77128 

1  V'!4 

9,0 

H  .  4 

22. 

9.0 

4,4 

/■•C4S 

1413 

£.6 

4.7 

18. 

7.6 

3.8 

790.19 

176! 

?,S 

3.7 

. 

8.5 

6.2 

73763 

1553 

5.3 

2.6 

20, 

5.9 

2.9 

79129 

1265 

2.7 

3.7 

u. 

5.9 

2.9 

79173 

1769 

<4  .fi 

2.3 

23. 

6.9 

3.3 

79047 

1165 

6.0 

3.0 

31. 

'2. 

5. 8 

30133 

1517 

16. 

7.6 

6.3 

6.3 

2.0 

87016 

4055 

7.8 

3.7 

16. 

6.7 

3.2 

79.;  5  5 

iro9 

5.7 

2.8 

2*  • 

9.6 

6.7 

30129 

1514 

6.6 

3,2 

16. 

6.6 

3.2 

79,9;  3 

13M 

6.9 

2.4 

18. 

6.6 

3.1 

79196 

1472 

5.6 

2.7 

^t>. 

7,1 

3.5 

30304 

1735 

6. A 

3.2 

13. 

6,9 

3.3 

.30276 

2295 

4.7 

2.3 

15. 

6.6 

3.2 

79010 

171?, 

5.9 

2.9 

12. 

6.2 

3,0 

79281 

2078 

6.. 

3.1 

11. 

6.0 

2.9 

8O.954 

74 16 

2.4 

8.6 

5.2 

2.5 

31019 

2546 

5.1 

2.6 

18. 

10. 

,3.? 

SC  524 

?3‘.6 

6.7 

2.3 

11. 

5.5 

2.7 

30028 

2049 

2.8 

1  .6 

13. 

4. A 

2.3 

v«00('.0 

1444 

2.6 

' .  i 

16. 

6.3 

2.3 

730  72 

141! 

2.9 

•  ,/♦ 

8.7 

3.7 

1.8 

,»0!05 

1>.<:8 

8.0 

6.0 

7.7 

6,6 

3.2 

36116 

3512 

4 . 2 

2.0 

7.8 

5.9 

2.8 

C!CSB 

3131 

E.*j 

1.2 

12. 

5.3 

2.6 

81016 

1765 

6.1 

2.0 

5.3 

6.1 

2.2 

81037 

3563 

2.7 

1.3 

11. 

5.6 

2.1 

31102 

7050 

3.4 

1  f. 

7.8 

6.2 

3.1 

821.33 

2916 

1.8 

0.70 

3.1 

3.2 

1.6 

E0.''P4 

15.38 

3,3 

1.6 

6.9 

3.6 

1.7 

”22  73 

31?, 8 

2.1 

1.3 

6,5 

3.6 

1.6 

27?s6 

2.7 

1.3 

5.3 

3.9 

1.JS 

34.'15 

3178 

3.3 

1.3 

8.0 

8.9 

6.0 

4103 

1 . 5 

0.90 

7.9 

4.1 

2.0 

"/,  V‘:4 

2172 

2.6 

I  .  1 

7.3 

5.7 

2.7 

3750 

2  0 

1  . 

5.0 

3.5 

1.7 

e^r-o? 

2.347 

comment 
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A.17  Monodispme  Aerovol  (l.S  nm  A.MAD),  l/jitgevUv  Study  (continued) 


ClMULAIlVE  Al?HA  SAOIATIOM 


INHALATICM  EXPOSURE  OOSE  TO  DEATH  (OY) 


DOC  IOENTIE!CATIO*l  . 

ACE 

DATE  OATS 

.  118  <W8C) 

ILB  <R) 

fSOM  ILB  (REC.) 
LUHC  LIVER  8CHE 

TATTOO  AM-EXPT  SEX  BLOCK 

KG  RANK  UCI/KG  UC!  K8Q/KG  fs'BQ 

KSQ 

LUHC 

LIVES  BOHE 

70iT 

0M446 

f 

0 

74123 

418 

9.5 

50 

0.050 

0.45 

1.9 

17. 

26 

2.9 

1.8 

0.90 

3.2 

2.0 

0.9 

705A 

01-1442 

M 

c 

74121 

415 

10.5 

51 

0.050 

0.49 

1.9 

i«. 

37 

?.o 

2.2 

1.0 

5.3 

4.6 

2.2 

694A 

02-1360 

M 

A 

74030 

3'0 

11.3 

Cl 

S.050 

0.53 

1.9 

20. 

41 

2.8 

2.3 

1.1 

5.3 

5.0 

2.2 

eoct 

03-1742 

f 

J 

75  343 

378 

6.8 

53 

0.040 

0.23 

1.5 

10. 

2.3 

3.1 

1.4 

744S 

02-1554 

f 

H 

74256 

367 

10.9 

54 

0.040 

0.42 

1.5 

16. 

32 

2.5 

2.1 

1.1 

4.9 

4.6 

2.1 

723A 

01-1486 

M 

E 

74170 

33? 

11.2 

55 

0.030 

0.39 

1.1 

14. 

31 

2.2 

1.5 

0,70 

4.3 

3.5 

1.6 

694  S 

02-1364 

f 

B 

74032 

372 

9.7 

56 

0.030 

0.33 

1.1 

12, 

32 

2.2 

2.8 

1,3 

5.7 

7.3 

3.3 

8590 

03-1748 

N 

I 

7534  6 

387 

10.7 

57 

0.030 

0.27 

1.1 

10. 

1.6 

1.9 

0.90 

872V 

01-1834 

f 

L 

76079 

443 

8.9 

58 

0.020 

0.19 

0.74 

7.0 

1.3 

1.0 

0.50 

726S 

03-1492 

f 

f 

74172 

379 

8.5 

59 

0.020 

0.17 

0.74 

6.3 

20 

1.3 

1.4 

0.70 

4.1 

4.5 

2.1 

8384 

01-1744 

M 

I 

75344 

394 

10.2 

60 

0.020 

0.19 

0,74 

7.0 

1.2 

2.0 

0.90 

703B 

02-1442 

M 

C 

74121 

421 

9.6 

61 

0.020 

0.19 

0.74 

7.0 

24 

1.3 

1.6 

0.70 

4.4 

5.6 

2.5 

634S 

01-1340 

f 

S 

74030 

416 

10.1 

62 

0.020 

0.17 

0.74 

6.3 

23 

1.1 

1.2 

0.60 

3.8 

4.6 

2.1 

724  S 

01-1492 

P 

P 

74172 

380 

9.1 

63 

0.020 

0.15 

0.74 

5.6 

24 

1.1 

1.2 

0.60 

4.4 

5.1 

2.3 

8773 

02-1330 

f 

L 

76077 

413 

10.7 

64 

0.010 

O.IS 

0.37 

5.6 

23 

0.90 

0.90 

0.40 

3.6 

3.6 

1.7 

725A 

03-1486 

« 

E 

74170 

377 

10.6 

65 

0.01C 

0.14 

0.37 

5.2 

0.80 

1.1 

0.50 

6S5C 

01-1344 

M 

A 

74032 

418 

9,6 

66 

0.010 

0.19 

0.37 

7.0 

17 

1.3 

1.2 

0.60 

2.9 

3.0 

1.4 

840$ 

02-1748 

P 

J 

75346 

385 

10.2 

67 

0.010 

0.11 

0.37 

4.1 

25 

0.70 

0.70 

0.30 

4.1 

4.3 

2.0 

74  7A 

02-1530 

M 

C 

74254 

365 

8.3 

68 

0.510 

0.070 

0.37 

2.6 

18 

0.60 

0.60 

0.30 

3.7 

4.0 

1.8 

701C 

03-1446 

H 

C 

74123 

431 

8.8 

69 

0.010 

0.070 

0.37 

2.6 

0.50 

0.80 

0.40 

70flV 

03-1442 

P 

0 

74121 

407 

8.2 

70 

0.010 

0.050 

0.37 

1.9 

0.40 

0.60 

0.30 

744T 

C3-1554 

f 

K 

.>  •  * 

7. 4 

C.013 

0 .  C<*0 

0,37 

1.5 

0.30 

O.30 

0.10 

8758 

02-1834 

M 

K 

76079 

423 

11.4 

72 

0.003 

0.030 

0.11 

1.1 

0.23 

0.30 

0.10 

689U 

02-1373 

P 

B 

74038 

415 

9.1 

C 

694C 

01-1378 

M 

A 

74038 

373 

7.9 

C 

704A 

02-1432 

M 

C 

74113 

408 

10.2 

C 

705  S 

01-1432 

P 

0 

74113 

407 

5.5 

C 

72iA 

01-1438 

M 

E 

74170 

384 

13.0 

C 

725  S 

02-1488 

P 

P 

74170 

377 

10.1 

C 

733C 

01-1536 

M 

a 

74263 

419 

9.6 

c 

745S 

02-1556 

P 

H 

74263 

373 

9.6 

c 

8590 

02-1754 

H 

1 

rf344 

385 

11.3 

c 

840T 

01-1754 

P 

j 

75  344 

383 

9.2 

c 

874U 

01-1835 

P 

L 

76078 

429 

9.4 

c 

8768 

02-1835 

M 

K 

76078 

422 

11.4 

c 

UCJ/KO  REPRESfHTS  MICKOCURIYS  Of  RAOtOSUCUCE  PER  KIICGRAM  OP  TOTAl  SCOT  VEICHT. 

KBO/CG  REPRESEHTS  CUCSEOUtSElS  Of  9AOIOWCIICE  PER  AUCGRAM  CP  TOIAl  BOOT  WEICHT. 

OOSE  RATE  AHO  aWEATIVE  COSE  ARE  rRFSEHTCO  AS  fUMCTIC-HS  Of  TIME  IH  DATS  AfTER  mHAlATlOH  EXPOSURE. 

COWENI:  0,  E,  OS  S  INDICATE  THE  CCi;  DIED,  WAS  CUThAMUEO  OR  WAS  SACRtfICtO  RESPECTIVELT.  P8CMINEHT  PIHOINGS  ARE  IHClUt 
to  SIOHiriES  ah  INCIOEHTAI  flHOlHO  WHICH  WAS  HOT  immediately  LIPE-THEATEHIHa. 

CAUTIOH;  THE  RECOHSTRUCTCO  IHIf  IAL  LUHG  SUROfHS,  OEHOTEO  SY  (S)  AHO  (StC)  IH  THIS  TA9LE  MAY  RE  TOO  HIGH  5CCAUSE  Of  Cl'RREHT  A 
THIS  MAY  LEAD  TO  CALCULATED  OSGAH  COSES  That  ARE  TOO  HIGH,  THIS  PROSLEM  IS  ESPECIALLY  IMPCRTAHT  fUS  COGS  IH  Th£ 


IVE  ALPHA  RAOIATIOM 


e  TO  DEATH  (GT) 

V3C)  FRCH  US  <R:c.) 

BONE  L',":;  LIVER  BONE 

DEATH 

DATE 

OATS 

TO 

DEATH 

CCKNEHT 

0.90 

3.2 

2.0 

0.9 

81163 

2597 

0-accicehtal  death 

1.0 

5.3 

4.6 

2.2 

83010 

3176 

e-osteooarcoa.ihcr.  vert.  Til 

1.1 

5.3 

5.0 

2.2 

83270 

3527 

O-L’NOEtCRHtNEO 

1.4 

88218 

4623 

C-CHCNOPOS6PC.,l:v?R;CSTECSA9CCHA,SCAPULA 

1.1 

4.9 

4.6 

2.1 

85043 

3805 

£-OS7ECSA9CCMA,FE“L’R;fI3RC3ARCOHA,  LIVER 

0.70 

4.3 

3.5 

1.6 

82260 

3012 

E-OSTEOSARCCHA. SCAPULA 

1.3 

5.7 

7.3 

3.3 

87066 

4802 

E-LIVER  -tPATCCELLULAR  CARCINO'A 

0.90 

88358 

4760 

E-P’ELCnE?“»ITIS 

0.50 

84276 

3119 

E  ■  CS  t  ECSARCCP'A ,  SACRUH ;  F  1 9RCSAPC . ,  L  1 VER 

0.70 

4.1 

4.5 

2.1 

86163 

4379 

£  -CSTECSAPCC.-A ,  6CNE ;  CA5C 1  NC«A ,  LUSO 

0.90 

910.89 

5589 

EHTELCrPClIFEPATlVE  DISEASE 

0.70 

4.4 

5.6 

2.5 

87134 

4761 

P-FISRCSA’CCA'A.fcONE 

0.60 

3.B 

4.6 

2.1 

86133 

4536 

0-BOCNC^crV£U>'CSlA 

0.60 

4.4 

5.1 

2.3 

86204 

4415 

E*CAPCIWC*<A.t'-'‘<G 

0.40 

5.6 

3.6 

1.7 

87054 

3995 

E-CSTECSAPCO'A.SGNE 

0.50 

88099 

5042 

£  •  CA  R  C :  '.OXA  .LIVER;  LARC I NCXA ,  LUNG 

0.60 

2.9 

3.0 

1.4 

85130 

4116 

0.30 

4.1 

4.3 

2.0 

87123 

4164 

E-OSTEOSAPCONA.aCNE 

0.30 

3.7 

4.0 

1.S 

86093 

4222 

D-CAPC1NC"A, intestine 

’  0.40 

89338 

5694 

E-HtHANGICSAPCIXA,  5V8CUTIS 

0.30 

89100 

5458 

p-OES'NEPATIVE  JOINT  DISEASE, -B. A.  CARC. 

0.^0 

84293 

3694 

E-XAST  CELL  TURICR.HOOTH 

0.10 

90088 

5123 

F-CHPONIC  HEPfRITIS 

87036 

4746 

900  73 

5879 

E-ADEVOHA,  PITL'ITART 

87254 

4889 

E-HAST  cell  IUVCR  :i5GE‘».AATfO 

77241 

1224 

E-NAlA3SC<iot|CN  ST«<rvrA<£ 

76260 

820 

0  •  1 E  UCCE  N  Of  p  H  A  t  OVA A  Cl  A 

87015 

4593 

0-CA5CINCA‘A,eiAC0ER 

89329 

5546 

E-ChHCKtC  WE?h9!TIS 

89038 

5254 

E-CHPCHIC  IhTERSTITIAL  nephritis 

87196 

4235 

873  15 

<.354 

r  ■ADEnCA'A.PI  lul  TART.-PRCNtHOPNEUPHSNIA.I.UNC 

86241 

3316 

E'CiPp;<^»:s,itvfR 

90080 

5116 

O-A'JE^TI-ETIC  OCATH 

05URF , 

OfllHt'ir  firaiMG5  AP*  lACLWtD. 

00  HIGH  SECA'J'E  OP  CURPcVi'  AHALTTICAL  RAC  ICCHC I  CAL  PPCSLEMS. 
lyp'^RTAAT  FOR  OCGS  IH  THE  LOVER  EXPCSV'SE  LEVESG. 
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A.18  Monodisperse  Aerosol  <3.0  ;<m  AM.AD),  Longevity  Siudy 


CUMULATIVE  ALPHA  RA 


INHALATIOM  EXPOSURE  ILB  (W8C)  ILB  (R)  DOSE  TO  DEATH  < 

DOG  IDEHTIFICATIOH  . . 


TATTOO 

AH-EXPT 

SEX 

8LOCX 

DATE 

AGE 

DAYS 

WT 

XG 

RANX  UCI/XG 

Ul 

XSQ/KG 

KSQ 

XEQ 

FROM 

LUMG 

ILB  (U8C) 
LIVER  60NE 

FRO 

LUN 

667T 

01-1306 

f 

S 

73347 

433 

7.1 

01 

1.50 

11. 

56. 

400. 

310. 

120. 

28. 

13. 

92. 

71  DC 

02-1460 

H 

E 

74143 

427 

8.7 

02 

1.30 

11. 

48. 

420. 

360. 

86. 

9.6 

4.8 

70. 

736A 

02-1540 

H 

74249 

•*  14 

10.1 

03 

0.93 

9.3 

34. 

340. 

330. 

48. 

17. 

8.0 

53. 

6«7S 

03-1306 

f 

8 

73347 

431 

10.3 

04 

0.93 

9.3 

34. 

340. 

280. 

48. 

21. 

9.8 

37. 

£74B 

03-1302 

H 

A 

73345 

403 

9.4 

05 

0.80 

7.3 

30. 

270. 

220. 

42. 

21. 

10. 

35. 

S6BA 

02-1814 

M 

K 

76062 

441 

12.3 

06 

0.80 

9  ' 

30. 

350. 

510. 

41. 

16. 

7.6 

58. 

69iA 

03-1423 

H 

C 

74113 

433 

10.8 

07 

0.73 

t  5 

27. 

300. 

240. 

40. 

18. 

8.7 

31. 

849S 

02-1720 

F 

J 

75324 

424 

8.2 

08 

0.65 

5.3 

24. 

200. 

200. 

34. 

12. 

5.3 

33. 

731S 

01-1540 

F 

H 

74249 

437 

6.5 

09 

0.60 

3.9 

22. 

140. 

140. 

32. 

11. 

5.1 

32. 

711S 

01-1456 

F 

F 

74141 

423 

7.2 

10 

0.53 

4.2 

21. 

160. 

160. 

31. 

15. 

6.9 

31, 

703  S 

01-1436 

f 

0 

74115 

415 

7.5 

11 

0.53 

3.9 

20. 

140. 

93. 

23. 

13. 

6.3 

17. 

736S 

03-1538 

F 

M 

74247 

412 

7.9 

12 

0.52 

4.1 

19. 

150. 

300. 

39. 

7.3 

3.5 

TU, 

696S 

03-1436 

f 

0 

74115 

435 

5.4 

13 

0.44 

2.4 

16. 

89. 

78. 

24. 

12. 

5.5 

21. 

682V 

02-1302 

f 

8 

73345 

373 

8.3 

14 

0.41 

3.4 

15. 

130. 

130. 

22. 

10. 

4.9 

21. 

8S2S 

01-1720 

H 

I 

75324 

409 

10.3 

15 

0.41 

4.1 

IS. 

ISO. 

160. 

21. 

11. 

5.3 

17. 

716T 

02-1456 

F 

F 

74141 

393 

8.8 

16 

0.41 

3.6 

15. 

130. 

140. 

22. 

9.2 

4.4 

23. 

674A 

01-1302 

M 

A 

73345 

404 

10.6 

17 

0.39 

4.2 

14. 

160. 

140. 

21. 

9.8 

4.7 

19, 

6808 

02-1306 

M 

A 

73347 

393 

10.0 

18 

0.39 

3.9 

14. 

140. 

89. 

22. 

13. 

6.5 

13. 

695  A 

01-1428 

M 

C 

74113 

442 

12.4 

19 

0.38 

.4.7 

14. 

170. 

130. 

21, 

12. 

5.7 

16. 

S65S 

01-1814 

F 

L 

76062 

442 

7.2 

20 

0.38 

2.7 

14. 

ICO. 

130, 

20. 

10. 

4.8 

30. 

6978 

02-1436 

M 

C 

74115 

430 

12.7 

21 

0.34 

4.3 

13. 

160. 

110. 

18. 

5.1 

2.5 

12. 

708A 

03-1456 

M 

E 

74141 

427 

11.0 

22 

0.32 

3.5 

12. 

130. 

130. 

17. 

7.1 

3.4 

18. 

86  7A 

01-1813 

M 

X 

76064 

432 

12.4 

23 

0.31 

3.9 

11. 

140. 

170. 

17. 

8.0 

3.8 

20. 

846A 

03-1720 

M 

I 

75324 

431 

12.7 

24 

0.29 

3.6 

11. 

130. 

130, 

15. 

6.2 

2.9 

11. 

7158 

03-1460 

H 

£ 

74143 

396 

9.8 

25 

0.23 

2.2 

8.5 

81. 

89. 

2.1 

6.1 

3.0 

13. 

730S 

01-1542 

F 

M 

74252 

442 

10.6 

26 

0.21 

2.3 

7.8 

85. 

85. 

17. 

6.9 

3.3 

18. 

870V 

03-1814 

F 

L 

76062 

426 

11.7 

27 

0.21 

2.5 

7,3 

93. 

140. 

12. 

6.0 

2.9 

20. 

733A 

04-1538 

H 

G 

74247 

431 

9.9 

23 

0.18 

1.8 

6.7 

67. 

no. 

9.5 

3.3 

1.6 

16. 

736E 

02-1538 

H 

G 

74247 

412 

9.4 

29 

0.17 

1.9 

6.3 

70. 

130. 

11. 

3.5 

2.6 

19. 

84  68 

02-1716 

M 

I 

75322 

429 

9.6 

30 

0.17 

1.7 

6.3 

63. 

70. 

9.6 

5.1 

2.5 

7.' 

715A 

02-1462 

H 

E 

74144 

397 

8.8 

31 

0.17 

1.5 

6.3 

56. 

56. 

9.5 

5.8 

2.9 

8.1 

678T 

01-1304 

F 

8 

73346 

398 

3.1 

32 

0.17 

1.4 

6.3 

52. 

48. 

9.6 

7.3 

3.5 

10. 

848S 

01-1722 

F 

J 

75325 

427 

9.6 

33 

0.16 

1.5 

5.9 

56. 

28. 

8.9 

8.1 

3.8 

4.: 

869T 

03-1818 

F 

L 

76064 

431 

7.5 

34 

0.13 

1.0 

4.8 

37. 

63. 

7.2 

4.1 

2.0 

13. 

6960 

01-1438 

H 

C 

74116 

436 

6.7 

35 

0.15 

0.93 

4.8 

34. 

41. 

7.8 

6.0 

2.9 

9.; 

7140 

01-1460 

F 

F 

74143 

402 

6.6 

36 

0.11 

0.67 

4.1 

25. 

41. 

5.9 

5.5 

2.7 

9.; 

674C 

02-1308 

M 

A 

73348 

407 

10.1 

37 

0.090 

1.0 

3.3 

37. 

44. 

5.7 

5.5 

2.6 

6.1 

680A 

03-1308 

H 

A 

73348 

394 

11.5 

38 

0.090 

1.1 

3.3 

41. 

44. 

5.3 

3.6 

1.7 

5.: 

848T 

01-1716 

F 

J 

75322 

424 

7.7 

39 

0.090 

0.73 

3.3 

27, 

41. 

5.4 

4.8 

2.3 

8.' 

8650 

02-1818 

M 

K 

76064 

444 

10.2 

40 

0.090 

0.87 

3.3 

32. 

52. 

4.3 

3.5 

1.7 

8.: 

874A 

02-1820 

M 

K 

76065 

416 

13.3 

41 

0.070 

1.0 

2.6 

37. 

59. 

4.7 

3.2 

1.6 

9.4 

702S 

03-1434 

t 

0 

74114 

415 

8.1 

42 

0.070 

0.60 

2.6 

22. 

37. 

4.2 

4.0 

1.9 

5.1 

8460 

03-1718 

M 

r 

75  323 

431 

9.2 

43 

0.070 

0.73 

2.6 

27. 

41. 

4.5 

4.5 

1.8 

6.( 

711T 

01-1458 

F 

F 

74142 

424 

6.5 

44 

0.070 

0.49 

2.6 

18. 

35. 

4.4 

4.6 

2.3 

8.! 

733S 

02-1542 

F 

H 

74252 

436 

8.8 

45 

0.070 

0.67 

2.6 

25. 

37. 

4.4 

4.9 

2.3 

6.< 

8S4S 

01-1718 

H 

I 

75323 

396 

7.6 

46 

0.070 

0.51 

2.6 

19. 

33. 

3.9 

4.0 

1.8 

6.< 

856T 

03-1716 

F 

J 

75322 

373 

5.8 

47 

0.070 

0,40 

2.6 

15. 

30, 

3.9 

4.0 

1.8 

8.( 

8690 

02-1816 

F 

L 

76063 

430 

8.4 

48 

0.060 

0.52 

2.2 

19. 

37, 

3.3 

1.9 

1.5 

6.^ 

735C 

04-1540 

M 

G 

74249 

424 

10.5 

49 

0.060 

0.58 

2.2 

21. 

35. 

3.2 

3.6 

1.7 

5.2 

CUMUIATIVS  ALPHA  RADIATION 


)  OOSP  TO  DEATH  (GY) 


FRijH 

ILB  (U3C) 

FROM  as  (REC.) 

DEATH 

LUNG 

LIVER  BONE 

LUNG  LIVER  BONE 

DATE 

120. 

23. 

13. 

92. 

22. 

11. 

77099 

86. 

9.6 

4.8 

70. 

7.8 

3.9 

76044 

48. 

17. 

8.0 

53. 

18. 

8.8 

77334 

48. 

21. 

9.8 

37. 

16. 

7.6 

77318 

42. 

21. 

10. 

35, 

17. 

8.3 

78202 

41. 

16. 

7.6 

58. 

23. 

11. 

79285 

40. 

18. 

8.7 

31. 

14. 

6.7 

78180 

34. 

12. 

5.3 

33. 

11. 

5.1 

79047 

32. 

11. 

5.1 

32. 

11. 

5.1 

77314 

31. 

15. 

6.9 

31. 

14. 

6.8 

78223 

28. 

13. 

6.3 

17. 

8.1 

3.9 

78222 

39. 

7.3 

3.5 

74. 

14. 

6.7 

77117 

24. 

12. 

5.5 

21. 

10. 

4.8 

78264 

22. 

10. 

4.9 

21, 

9.9 

4.7 

78069 

21. 

11. 

5.3 

17. 

8.8 

4.3 

80205 

22. 

9.2 

4.4 

23. 

9.7 

4.7 

78C96 

21. 

9.8 

4.7 

19. 

8.7 

4.2 

78075 

22, 

13. 

6.5 

13. 

7.8 

3.9 

79299 

21. 

12. 

5.7 

16. 

9.3 

4.5 

79205 

20. 

10. 

4.8 

30. 

15. 

7.2 

80273 

13. 

5.1 

2.5 

12. 

3.5 

1.7 

77U4 

17. 

7.1 

3.4 

13. 

7.3 

3.5 

>3039 

17. 

8.0 

3.8 

20. 

9,2 

4.4 

80191 

15. 

6.2 

2.9 

11, 

4.6 

2.2 

79235 

2.1 

0.1 

3.0 

13. 

6.4 

3.1 

79016 

17. 

6.9 

3.3 

18, 

7.2 

3.4 

80038 

12. 

6.0 

2.9 

20. 

11. 

5.0 

8C330 

9.5 

3.3 

1.6 

16. 

5.5 

2.7 

77353 

11. 

3.5 

2.6 

19. 

6.0 

4.5 

79101 

9.6 

5.1 

2.5 

7.9 

4.2 

2.0 

80274 

9.5 

5.8 

2.9 

8.8 

5.4 

2.7 

80129 

9.6 

7.3 

3.5 

10, 

7.8 

3.6 

81161 

8.9 

8.1 

3.8 

4.S 

4.0 

1.9 

85123 

7.2 

4.1 

2.0 

13. 

7.3 

3.6 

61210 

7.8 

6.0 

2.9 

9.2 

7.5 

3.6 

82152 

5.9 

5.5 

2.7 

9.5 

8,5 

4.1 

84023 

5.7 

5.5 

2.6 

6.8 

6.8 

3.1 

84072 

5.3 

3.6 

1.7 

5.3 

3.6 

1.7 

80177 

5.4 

4.8 

2.3 

5.1 

7.1 

3.4 

85022 

4.8 

3.5 

1.7 

8.7 

5.4 

2.6 

83131 

4.7 

3.2 

1.6 

9.2 

7.1 

3.4 

83343 

4.2 

4.0 

1.9 

5.7 

5.4 

4.6 

84076 

4.5 

4.5 

1.8 

6.8 

6.2 

3.0 

85290 

4,4 

4.6 

2.3 

8.5 

8.9 

4.2 

85166 

4.4 

4.9 

2.3 

6.6 

6.9 

3.3 

85258 

3.9 

4.0 

1.8 

6.6 

6.2 

3.1 

86 1 36 

3.9 

4.0 

1.3 

8.0 

7.5 

3.8 

86108 

3.3 

1.9 

1.5 

6.2 

3.5 

2.9 

81138 

3.2 

3.6 

1.7 

5.2 

5.6 

1.9 

36100 

DAYS 

TO 

DEATH  COMMENT 


1213  0-PNEL'HCNITIS  AND  PULMONARY  PIBROSIS 
631  E-PNEUMONITIS  ANO  PULMONARY  FIBROSIS 

1161  e-osteosar.,luh.  vert., -carcinoma, lung 

U32  E-03I£0SARC.,CESV.  v£R I . ; CARC. ,LUNGC I ) 
1683  D-PNEUH.  ANO  PUL.  F IBROS. ;CARC. , LUNC( I ) 
1319  E- CARCINOMA, lung 
1528  E -OSTEOSARCOMA, HUMERUS  ANO  PAuATINE 
1184  £-0STE0SARCCMA,THCR.  VERT.  ANO  SACRUM 
1161  E-OSTECSARCCma, TIBIA  AND  FEMUR 
1543  E -OSTEOSARCOMA. ILIUM 
1568  E-CSTEOSAPCCMA, LUMBAR  VERTEBRAE 
966  D-PNEI.M.  ANO  PUL.  F  iSROS.  ,-CARC. ,  LUNG(  I ) 
1610  £-OSTcOSARCCMA. HUMERUS 
1550  E -OSTEOSARCOMA, lUMBAR  VERTEBRAE 
1707  E-SCNE  TUMORS, T8  ANO  C7 
1416  E-CSIEOSARCCMA. ISCHIUM  AND  ILIUM 
1556  E-OSTEOSARC.,  CERV.  VERT.,  SCAP.,-CARC.,  LUNG 
2143  0-CARCINCMA,lUNG 
1918  D-OSIEOSARCCMA, humeri 
1672  E-eCNE  lUMCRS.LA,  ilium, SCAP.,-CARC.. LUNG 
1125  E-OS7tOSARCCMA,C£RVICAL  VFRtPBRAE 
1A09  E-OSTECSARCOMA, THORACIC  VERTEBRAE 
1588  E-BONE  ILMCPS. HUMERI 
1372  E-OSTECSARCCMA. THORACIC  VERTEBRAE 
1699  E-OSTEOSARCCHA, HUMERUS 
1977  D-PNEUMONIIIS 

1729  E - OSTt  CSARCCMA , FEMUR ; C4RC I NCM  A , LUNG 

1202  E-OSTEOSARCCMA, SACRUM, STERNUM  ANO  FEMUR 

1680  E-0ST£CSAR:CMA,NUM5SUS 

1778  E-BCNE  TU-mCRS, HUMERUS 

2176  l-ECNE  TUMOR.HUMERUS 

2737  0-OSTEOSAac.,HUMERI,T6-T12,-CARC.,LUNO 

3651  E-0S''E0SA?CC»LA,fEMi;9;  CARCINOMA,  LUNG 

1973  E-OSIEOSAHCWA.VtRI.  u2 

2958  E-0STECS,1RCCMA, frontal  BONE 

3532  C-OS7CCSARC.,SCAP..HumER.;8.A.CARC.,LL'NG 

3741  E-OSTEO'ARCCMA.HUHE’US 

23SS  E • OSTEOSARCOMA , 16, CARCl NORA , LUNG 

3353  e-osteosascoma,r;8 

2624  E-riL'MCY  ATROPHY 

2335  E-OSTEOSA9C.,VERT.  L6;AOENOOARC. , LUNG 

3612  E-OSTE'iCAROOMA.srAPULA 

3620  0-“'OCASOIAL  DECENERATICN, HEART 

4042  O-CARCIN'XA.LUNG 

4C54  E- CARCINOMA, LUNG 

3831  £ -osteosarcoma, BONE 

3504  E-OSTEOSARCCMA,bone 

1902  D-EPILEPST 

6234  E- CARCINOMA,  I  UNO 


{ 


A.18  ^^^PuOj  Monodisperse  Aerosol  (3.0  /im  AMAD),  Longevity  Study  (continued) 


CUMULATIVE  ALPHA  RADIATION 


DOG  IDE 

TATTOO 

NTIFICATI 

AN-EXPT 

ON 

SEX 

INHALATION 

EXPOSURE 

IL8  (WSC) 

ILB  (R) 

DOSE 

TO  DEATH  (GY) 

SLOCK 

DATE 

AGE 

DAYS 

WT 

KG 

RANK  UCI/KG 

UCI 

KBQ/KG 

KSO 

KBQ 

FROM 

LUNG 

IL8  (WBO 
LIVER  BONE 

FROM 

LUNG 

ILB  (Rl 
LIVER 

73^A 

01-1538 

M 

G 

74247 

434 

11.0 

SO 

0.060 

0.61 

2.2 

23. 

48. 

3.1 

2.1 

1.0 

6.6 

4.2 

697A 

03-1438 

M 

C 

74116 

431 

10.4 

51 

0.050 

0.55 

1.9 

20. 

37. 

3.1 

3.8 

1.7 

5.6 

6.0 

6aOT 

03-1304 

F 

B 

73346 

392 

6.7 

52 

0.050 

0.31 

1.9 

11. 

24. 

2.7 

2.8 

1.4 

3.6 

4.3 

705C 

03-1458 

M 

E 

74142 

436 

9.3 

53 

0.040 

0.40 

1.5 

15. 

26. 

2.4 

2.0 

0.90 

4.0 

3.2 

872S 

01-1820 

F 

L 

76065 

429 

11.3 

54 

0.040 

0.46 

1.5 

17. 

35. 

2.3 

2.1 

1.0 

4.7 

4.2 

697S 

02-1434 

F 

D 

74114 

429 

8.0 

55 

0.040 

0.31 

1.5 

11. 

21. 

2.2 

1.9 

0.90 

3.2 

2.7 

715S 

01-1462 

F 

F 

74144 

397 

7.2 

56 

0.040 

0.26 

1.5 

9.6 

27. 

2.1 

2.9 

1.4 

5.8 

8.1 

70AS 

02-1428 

F 

0 

74113 

408 

9.5 

57 

0.040 

0.34 

1.5 

13. 

26. 

2.1 

1.9 

0.90 

4.0 

3.8 

857S 

02-1722 

F 

J 

75325 

377 

11.8 

58 

0.030 

0.40 

1.1 

15. 

21. 

1.8 

0.80 

0.40 

2.5 

1.1 

71  AS 

03-1462 

F 

F 

74144 

403 

8.4 

59 

0.030 

0.25 

1.1 

9.3 

21. 

1.7 

1.8 

0.80 

3.9 

3.7 

73AS 

03-1542 

F 

H 

74252 

435 

9.8 

60 

0.030 

0.26 

1.1 

9.6 

23. 

1.6 

1.6 

0.70 

3.6 

3.8 

8718 

01-1816 

M 

K 

76063 

427 

12.1 

61 

0.020 

0.26 

0.74 

9.6 

1.2 

1.7 

0.80 

6798 

01-1308 

M 

A 

73348 

396 

9.2 

62 

0.020 

0.18 

0.74 

6.7 

25. 

1.1 

1.4 

0.60 

4.3 

5.6 

86SS 

03-1816 

M 

)C 

76063 

443 

12.4 

63 

0.020 

0.22 

0.74 

8.1 

1.0 

1.4 

0.60 

849C 

02-1713 

M 

I 

75323 

424 

9.9 

64 

0.020 

0.17 

0.74 

6.3 

17. 

1.0 

0.80 

0.40 

2.6 

2.0 

8S6S 

03-1722 

F 

i 

75  3  25 

381 

8.9 

65 

0.020 

0.15 

0.74 

5.6 

1.0 

1.4 

0.60 

7323 

04-1542 

M 

G 

74252 

439 

11.2 

66 

0.020 

0.19 

0.74 

7.0 

20. 

0.90 

0.50 

0.30 

2.6 

1.5 

680S 

02-1304 

F 

8 

73346 

392 

7.9 

67 

0.020 

0.13 

0.74 

4.8 

21. 

0.90 

1.4 

0.60 

4.3 

6.1 

699S 

02-1438 

F 

0 

74116 

430 

9.1 

68 

0.020 

0.14 

0.74 

5.2 

24. 

0.90 

1.2 

0.60 

4.1 

5.8 

734T 

03-1540 

F 

H 

74  249 

432 

9.4 

69 

0.010 

0.13 

0.37 

4.8 

20. 

0.80 

0.90 

0.40 

3.4 

3.6 

870T 

03-1820 

F 

L 

76065 

429 

9.2 

70 

0.010 

0.11 

0.37 

4.1 

9.3 

0.70 

0.50 

0.20 

1.5 

1.0 

697D 

01-1434 

M 

C 

74114 

429 

10.2 

71 

0.010 

0.080 

0.37' 

3.0 

18. 

0.50 

0.50 

0.20 

2.8 

3.0 

708C 

02-1458 

M 

E 

74142 

428 

7.8 

72 

0.010 

0.040 

0.37 

1.5 

0.30 

0.60 

0.20 

679S 

02-1309 

F 

8 

73348 

396 

7.4 

C 

681E 

01-1309 

M 

A 

73348 

381 

9.5 

C 

696C 

01-1430 

M 

C 

74113 

433 

8.3 

C 

702U 

02-1430 

F 

0 

7411 J 

414 

8.9 

C 

71 OA 

02-1472 

M 

E 

74150 

434 

11.4 

C 

718T 

OM472 

F 

F 

74150 

387 

7.', 

C 

7368 

01-1536 

M 

6 

74  241 

407 

10  5 

C 

733T 

02-1536 

F 

N 

74242 

426 

7.5 

c 

848A 

02-1724 

M 

I 

75329 

431 

8.8 

c 

857U 

01-1724 

F 

1 

75329 

381 

9.4 

c 

870U 

01-1823 

F 

L 

76063 

400 

10.0 

C 

871A 

02-1823 

H 

K 

76063 

400 

10.0 

C 

UCI/KG  REPRESENTS  HICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

KBO/KG  REPRESENTS  KIL08E0UERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

COMMENT!  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANI2E0  OH  WAS  SACRIFICED  RESPECTIVELY.  PRCMINENT  FINDINGS  ARE 
(I)  SIGNIFIES  AN  incidental  FINDING  WHICH  WAS  NOT  IMMEDIATELY  LIFE-THEATENING. 

CAUTION:  THE  RECONSTRUCTED  INITIAL  LUNG  BURDENS,  DENOTED  BY  (R)  AND  <REC)  IN  THIS  TABLE  HAY  BE  TOO  HIGH  BECAUSE  OF  CUR 
THIS  MAY  LEAD  TO  CALCULATED  ORGAN  DOSES  THAT  ARE  TOO  HIGH.  THIS  PROBLEM  IS  ESPECIALLY  IMPORTANT  FOR  DOGS  1 


(D 


;UHULAriVE  ALPHA  RADIATION 


DOSE  TO  DEATH  COT) 


1L3  (U8C) 

FROM  ILB  (REC.) 

DEATH 

DAYS 

TO 

LIVER  BONE 

LUNG  LIVER  BONE 

DATE 

DEATH 

2.1 

1.0 

6.6 

4.2 

2.0 

81103 

2413 

3.8 

1.7 

5.6 

6.0 

3.1 

86119 

4386 

2.8 

1.4 

3.6 

4.3 

1.9 

85086 

4123 

2.0 

0.90 

4.0 

3.2 

1.5 

82266 

3046 

2.1 

1.0 

4.7 

4.2 

2.0 

85214 

3437 

1.9 

0.90 

3.2 

2.7 

1.5 

83049 

3222 

2.9 

1.4 

5.8 

8.1 

3.8 

87211 

4815 

1.9 

0.90 

4.0 

3.8 

1.8 

84027 

3566 

0.80 

0.40 

2.5 

1.1 

0.5 

80024 

1525 

1.8 

0.80 

3.9 

3.7 

1.9 

85005 

3879 

1.6 

0.70 

3.6 

3.8 

1.7 

85065 

3831 

1.7 

0.80 

89040 

4726 

1.4 

0.60 

4.3 

5.6 

2.4 

85310 

4345 

1.4 

0.60 

88257 

4577 

0.80 

U.40 

2.6 

2.0 

1.0 

84079 

3043 

1.4 

0.60 

88326 

4749 

0.50 

0.30 

2.6 

1.5 

0.7 

80015 

1954 

1.4 

0.60 

4.3 

6.1 

2.9 

87183 

4950 

1.2 

0.60 

4.1 

5.8 

2.7 

87216 

4848 

0.90 

0.40 

3.4 

3.6 

1.9 

86346 

4480 

0.50 

0.20 

1.5 

1.0 

0.5 

83162 

2654 

0.50 

0.20 

2.8 

3.0 

1.4 

85149 

4053 

0,60 

0.20 

90086 

5788 

86127  4527 
88280  5410 
87100  4735 
89087  5453 
86335  4568 
88231  5194 
87119  4626 
82223  2903 
87087  4141 
80030  1527 
85063  3288 
87187  4142 


COWHEHT 


E-OST£CSARCCHA,VERT.  LS  AND  SI 
E-OISC  PROTRUSION;CARCINCHA,LUNa 
E-OSTEOSARCOHA, SACRUM 
O-LYMPHOSARCOMA, VISCERAL 
E -  CHONDROSARCOMA , SCAPULA 
E-PANCREATITIS 
E-OSTECSARCCMA.BCNE 

E-UNDlrP.  SARC.,RIB;NEUR0FI8R0SARC.,LIV. 
0-EPILEPSY 

E -OSTEOSARCCMA, VERTEBRA ; CARCINOMA , LUNG 

E -OSTEOSARCOMA, VERTEBRA 

E-CHRONIC  INTER.  NEPHRITIS, -ACRT.  THROH8. 

E-OSTEOSARCOMA, BONE 

£  - AOENOCARC I NC«A , RECTUM; NEPHROPAT  HY 

E-HELANCMA,Sli;iN 

E-CHONORO.  OSIEOSARC,HUM.,-PAP.  ADCA.,LUNG 

0-GASTRIC  FOREIGN  BODY 

E -CARCINOMA, mammary, -CARCINOMA, LUNG 

0-PNEUMCMIA 

£- CARCINOMA, LUNG 

0-PYCMETRA 

0-THRCMSOSIS,ACRTA 

E-ANKYLOSING  SPCNDYLOSIS,-AOENOCARCINOMA,  L 
E-CARCINCMA, MAMMARY 

O-INTERVERT.  DISC  OISEAS£;8RCNCHOPNEUM. 

E-PYELONEPHRITIS 

E-CHOLANCIOHEPATITIS 

D-ACUTE  NEPHROSIS 

E-CARCiNCMA, MAMMARY  GLAND 

D-PULMONARY  edema 

E- lymphosarcoma, SKIN 

0  - HEMANGtOSARCCMA , HEART 
0-EPILE?Sr 
D-PYCMETRA 
E-ADENCMA, PITUITARY 


3H  EXPOSURE. 

I.  PROMINENT  FINDINGS  ARE  INCLUOEO. 

t  BE  TOO  HIGH  BECAUSE  OF  CURRENT  ANALYTICAL  RADIOCHEMICAL  PROBLEMS. 
HALLY  IMPORTANT  FOR  DOGS  IN  THE  LOWER  EXPOSURE  LEVELS. 


A,I9  ^^^Pu02  Monodisperse  Aerosol  (0.75  ^ra  AMAD),  Longevity  Study 

CD 

CUMULATIVE  ALPHA 

RADIATION  DOSE  i 

INHALATION 

EXPOSURE 

TO  9-30-91 

TO  DEATH 

TATTCX) 

AN-EXPT 

SEX 

BLOCK 

DATE 

DAYS 

KG 

RANK 

UCI/KG 

UCI 

KBQ/KG 

Ksa 

KBQ 

LUNG 

LUNG 

LUNG 

1134C 

01-2686 

M 

K 

78325 

385 

8.9 

01 

0.20 

1.8 

7.4 

67. 

100 

41 

1U2V 

01-2730 

F 

L 

79052 

421 

9.1 

02 

0.19 

1.7 

7.0 

63. 

63 

29 

1109B 

01-2560 

H 

I 

78165 

367 

10.6 

03 

0.18 

1.9 

6.7 

70. 

63 

30 

1136A 

03-2690 

H 

K 

78326 

368 

10.4 

04 

0.17 

1.8 

6.3 

67. 

63 

31 

9928 

01-2106 

H 

C 

77069 

399 

10.8 

05 

0.16 

1.7 

5.9 

63. 

67 

24 

1092S 

01-2528 

F 

K 

78144 

411 

9.5 

06 

0.16 

1.5 

5.9 

56. 

59 

29 

1027U 

01-2236 

F 

F 

77216 

421 

10.3 

07 

0.15 

1.5 

5.6 

56. 

31 

21 

1125S 

01-2610 

F 

J 

78248 

374 

8.2 

08 

0.15 

1.2 

5.6 

44. 

41 

23 

1122T 

03-2612 

F 

J 

78244 

388 

7.6 

09 

0.11 

0.87 

4.1 

32. 

33 

22 

1107A 

03-2562 

H 

I 

78166 

375 

12.4 

10 

0.10 

1.2 

3.7 

44. 

56 

26 

1028U 

03-2233 

F 

F 

77217 

421 

8.7 

11 

0.10 

0.87 

3.7 

32. 

17 

14 

1097E 

01-2534 

H 

G 

78150 

396 

8.9 

12 

0.10 

0.87 

3.7 

32. 

23. 

980T 

03-2082 

F 

8 

77035 

410 

9.7 

13 

0.096 

0.93 

3.6 

34. 

44 

23 

10068 

01-2148 

M 

E 

77118 

373 

8.5 

14 

0.079 

0.67 

2.9 

25. 

30 

21 

1098C 

03-2536 

H 

G 

78151 

391 

8.6 

15 

0.073 

0.63 

2.7 

23. 

34 

24 

996U 

02-2174 

F 

0 

77140 

446 

7.1 

16 

0.073 

0.52 

2.7 

19. 

19 

18 

963E 

02-1954 

H 

A 

77007 

439 

11.5 

17 

0.063 

0.73 

2.3 

27. 

15. 

999S 

01-2172 

F 

0 

77139 

423 

8.2 

18 

0.062 

0.51 

2.3 

19. 

30 

26 

loose 

03-2150 

M 

£ 

77119 

377 

10.3 

19 

0.062 

0.64 

2.3 

24. 

37 

22 

1001T 

01-2174 

F 

0 

77140 

409 

10.6 

20 

0.059 

0.63 

2.2 

23. 

31 

18 

990C 

02-2108 

M 

c 

77070 

410 

9.3 

21 

0.055 

0.51 

2.0 

19. 

23 

15 

1023W 

02-2238 

F 

F 

77217 

438 

9.4 

22 

0.054 

0.51 

2.0 

19. 

18 

13 

11308 

02-2690 

H 

K 

78326 

403 

10.5 

23 

0.051 

0.54 

1.9 

20. 

14. 

. 

1145T 

03-2732 

F 

L 

79053 

414 

9.8 

24 

0.049 

0.48 

1.8 

-.8. 

24 

17 

990A 

01-2108 

H 

C 

77070 

410 

9.5 

25 

0.047 

0.45 

1.7 

17. 

81 

47 

1006A 

01-?150 

M 

E 

77119 

374 

3.5 

26 

0.046 

0.39 

1.7 

14. 

21 

IS 

1096S 

03-2532 

F 

H 

78145 

395 

8.6 

27 

0.043 

0.37 

1.6 

14. 

12. 

1143T 

02-2732 

F 

L 

79053 

418 

8.9 

28 

0.042 

0.37 

1.6 

14. 

11. 

963  f 

01-1954 

K 

A 

77007 

439 

11.4 

29 

0.041 

0.47 

1.5 

17. 

22 

14 

1097C 

02-2536 

H 

G 

78151 

397 

9.0 

30 

0.041 

0.37 

1.5 

14. 

9.9 

11348 

01-2690 

H 

X 

78326 

386 

10.0 

31 

0.040 

0.40 

1.5 

15. 

11. 

1121S 

02-2612 

F 

J 

78244 

401 

8.5 

32 

0.039 

0.33 

1.4 

12. 

23 

19 

11008 

02-2562 

H 

I 

78166 

399 

9.5 

33 

0.028 

0.27 

1.0 

10. 

8.0 

9700 

01-1952 

H 

A 

77006 

424 

10.4 

34 

0.026 

0.27 

0.96 

10. 

7.6 

1096U 

02-2532 

F 

H 

78145 

395 

8.2 

35 

0.024 

0.20 

0.89 

7.4 

7.0 

969A 

03-1954 

H 

A 

77007 

426 

10,1 

36 

0.023 

0.23 

0.85 

8.5 

6.8 

982T 

02-2082 

F 

8 

77035 

404 

9.9 

37 

0.021 

0.21 

0.78 

7.8 

6.2 

11118 

01-2562 

H 

I 

78166 

365 

9.7 

38 

0.021 

0.20 

0.78 

7.4 

5.8 

112ST 

01-2612 

F 

J 

78244 

370 

8.1 

39 

0.021 

0.17 

0.78 

6.3 

6.0 

976T 

01-2080 

F 

8 

77034 

431 

10.3 

40 

0.019 

0.20 

0.70 

7.4 

6.0 

977S 

01-2082 

F 

8 

77035 

430 

7.4 

41 

0.018 

0.13 

0.67 

4.8 

5.4 

10050 

02-2150 

M 

E 

77119 

377 

9.6 

42 

0.015. 

0.14 

0.55 

5.2 

3.8 

1143S 

01-2732 

F 

L 

79053 

418 

11.0 

43 

0.014 

0.15 

0.52 

5.6 

4.0 

1094T 

01-2532 

F 

K 

78145 

401 

10.6 

44 

0.010 

0.11 

0.37 

4.1 

3.0 

10Z8S 

01-2238 

F 

F 

77217 

421 

9.4 

45 

0.010 

0.090 

0.37 

3.3 

2.9 

988C 

03-2108 

H 

C 

77070 

425 

9.3 

46 

0.010 

0.090 

0.37 

3.3 

2.8 

996T 

03-2174 

F 

0 

77140 

446 

8.8 

47 

0.0080 

0.070 

0.30 

2.6 

2.4 

1096 A 

01-2536 

H 

G 

78151 

401 

10.8 

43 

0.0060 

0.070 

0.22 

2.6 

2.0 

961A 

03-1956 

H 

A 

77007 

448 

11.0 

C 

980S 

02-2084 

F 

B 

77035 

410 

8.4 

c 

992A 

02-2116 

M 

C 

77080 

406 

10.0 

C 

1007C 

02-2146 

H 

E 

77117 

371 

9.5 

C 

999U 

02-2168 

F 

0 

77130 

414 

10.3 

c 

1022W 

02-2240 

F 

F 

77231 

423 

7.2 

c 

1095T 

01-2530 

F 

H 

78144 

400 

10.6 

c 

1098A 

01-2535 

H 

G 

78150 

390 

9.9 

c 

1106A 

01-2564 

H 

I 

78165 

382 

9.8 

c 

1121T 

02-2614 

F 

J 

78244 

405 

9.6 

c 

- 

11310 

01-2688 

M 

K 

78325 

392 

6.8 

c 

1146S 

01-2733 

? 

L 

79052 

408 

11.0 

c 

,  «*«-****«*«**-*-*-*'*-*-*-*«1»«**« 

UCI/KG  REPRESENTS 

MICROCURIES 

OF  RADIONUCLIDE 

PER  KILOGRAM  OF  TOTAL  BOOT 

WEIGHT. 

KBQ/ICG  REPRESENTS 

KIL08EQUERELS  OF 

RADIONUCLIDE  PER  KILOGRAM 

OF  TOTAL  BOOT  WEIGHT. 

DOSE 

RATE  ANO 

CUMULATIVE  DOSE 

ARE  PRESENTED  AS 

FUNCTIONS  OF 

TINE  IN  DAYS 

AFTER  INHALATION 

EXPOSURE 

COMMENT:  0,  E 

OR 

S  INDICATE  THE  DOG  DIED 

,  WAS  EUTHANIZED  OR 

WAS  SACRIFICED  RESPECTIVELY. 

PROMINENT  FINDINGS  ARE 

(I)  SIGNIFIES  AN 

INCIDENTAL 

FINDING  WHICH  WAS 

HOT  IMMEDIATELY  LIFE 

-THEATENING. 

CAUTION:  THE  RECONSTRUCTED  INITIAL  LUNG  BURDENS 

DENOTED  BY  <R)  ANO  (REC)  IN  THIS  TABLE  HAY  BE  TOO  HIGH  BECAUSE  OF  CURl 

THIS  HAY  LEAD  TO  CALCULATED 

ORGAN 

DOSES 

THAT  ARE  TOO  HIGH. 

THIS  PROBLEM  IS  ESPECIALLY  IMPORTANT 

FOR  DOGS  I 

- 

* 

- 

riVE  ALPHA  RADIATION  DOSE  (GY) 


:  9-30-91 


W5C 

REC. 

DEATH 

TO  9-30 

TO 

LUNG 

LUNG 

DATE 

1991 

DEATH 

CCHSEKT 

41 

81120 

891 

E-PNEuMONITIS  AND  PULMONARY  FIBROSIS 

29 

82137 

1181 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

30 

82224 

1520 

0  -  RAO .  PNEUH.  ;PU*. .  f !  B . ;  PULMONARY  CARC . 

31 

82332 

1467 

O-PNEUM.  AND  PUL.  FIBROSIS;PUL.  CARC. 

24 

80009 

1035 

0 -PNEUMONITIS 

29 

82054 

1371 

E-PNEUHONITIS  AND  PULMONARY  FIBROSIS 

21 

85073 

2779 

E - MEN  I NCCHA , BRA I M ; CARC ! NOMA , LUNG 

23 

82067 

1280 

E-PNEUHONITIS  AND  PULMONARY  FIBROSIS 

22 

82308 

1525 

E-PNEUH.  AND  PUL.  FIBROSIS, -PUL.  CARC. 

26 

83097 

1757 

E-PNEUH.  ANO  PUL.  FI8ROSIS;PUL.  CARC. 

14 

85037 

2742 

E-CARCINOMA  ANO  FIBROSARCOMA, LUNG 

rsi 

84240 

2231 

E - F I BROSARC . ,M£0 1  AST . ; B . A .  CARC. ,  LUNG 

23 

81153 

1579 

E-FSc'JM.  ANO  PUL.  FISRCS.  ;CARC.  .LUNG 

21 

82253 

1961 

E - F I BROSARCCHA , MUSCLE ; PUL . CARC 1 NCMA 

24 

83356 

2031 

E - PNEUMONI T I S ; S . A .  CAPC IKCMA , LUNG 

18 

84030 

2446 

E -SRONCH t OLOALVcLCAR  CARC I NCMA , LUNG 

15. 

82337 

2176 

E*PN'PUM.  AND  PUL.  f ISfiOSIS;PUL.  CARC. 

26 

85103 

2836 

0 - BRGNCH lOALVEOLAR  CARCl NOMA , 1 UNG 

22 

83013 

2085 

O-PULMONARY  CARC:nCMA;?'JL  .  FIBROSIS 

18 

83030 

2081 

E-PULMONARY  CARCINOMA;?UL .  FIBROSIS 

15 

82251 

2007 

0- HEMORRHAGIC  ENTERITIS 

13 

85036 

2741 

0-PNELiH.  ANO  PUL.  FI  BROSIS;CARC. ,  LUNG 

U. 

87132 

3093 

E- CARC I  NOMA, LUNG 

17 

86059 

2563 

E- CARC I  NOMA, LUNG 

47 

61327 

1718 

E-PNEUMOHITIS  ANO  PULMONARY  FIBROSIS 

18 

86202 

3370 

D- CARC I  NOMA, LUNG 

12. 

86333 

3115 

E- CARC I NCMA, LUNG 

11. 

87082 

2951 

0- CARC I NCMA, LUNG 

14 

86022 

3302 

E- CARC I NCMA, LUNG 

9.9 

84303 

2343 

E-AOEMOCARCIHOHA, PANCREAS 

11. 

87133 

3094 

E- CARC I  NOMA, LUNG 

19 

86074 

2752 

E- CARC I  NOMA, LUNG 

8.0 

87308 

3429 

E- CARC I  NOHA, LUNG 

7.6 

87251 

3897 

E- CAR Cl  NOMA, LUNG 

7.0 

88154 

3661 

E- CARC I  NOMA, LUNG 

6.8 

88152 

4162 

E- CARC I NCMA, LUNG 

6.2 

37151 

3768 

0-CARCINO«A,LUNG 

5.8 

87256 

3375 

E-CARCING*V,LUMG 

6.0 

88053 

3461 

0-HEHANG*OSARCOMA, KIDNEY 

6,0 

89177 

4526 

0- EXUDATIVE  PNEUMONIA, LUNG 

3.4 

89270 

4618 

E*PAPILLA3Y  AOEMOCARCINOMA, LUNG 

3.8 

88273 

4171 

E-CARCINCMA,LUNG 

4.0 

90005 

3970 

E-AOENOCARCINOHA, MAMMARY  GLAND 

3.0 

88082 

3589 

0*CARCINOHA,LUNG 

2.9 

88357 

4157 

D-PAPILLARY  ADENOCARCINOMA , LUNG 

2.8 

87044 

3626 

E-MAIIGNANT  MELANOMA, MOUTH 

2.4 

89032 

4275 

E-PAPILLARY  AOENOCARCINCMA,LUHG 

2.0 

90256 

4488 

D - 6RONCH I CLOALVEOLAk  CARC I  NOMA , LUNG 

90243 

4977 

0  - HYPERAORENOCORT I C I SH 

86357 

5306 

3609 

0-MAST  CELL  SARCOMA 

82184 

1893 

D-EPILEPSY 

85214 

3006 

0-PERITCNITIS 

90094 

4877 

4611 

E-PROLAPSE, INTERVERTEBRAL  DISCS 

89156 

4853 

4024 

E-PROSTATITIS, RENAL  FAILURE 

87306 

3349 

0- THROMBOSIS, LUNG 

90317 

4604 

4375 

E-BRONCHCPNEUr^’NlA 

■H  EXPOSURE. 

.  PROMINENT  FINDINGS  ARE  INCLUDED. 


BE  TOO  HIGH  BECAUSE  OF  CURRENT  ANALYTICAL  RADIOCHEMICAL  PROBLEMS. 
:IALLY  IMPORTANT  FOR  DOGS  IN  THE  LOWER  EXPOSURE  LEVELS. 


A.20  ^^®Pu02  Monodisperse  Aerosol  (1.5  ;<tn  AMAD),  Longevity  Study 


CUMULATIVE  ALPHA  RAOIATIOH  DOSE  (GY) 

INHALATION  EXPOSURE  TO  9-30-91  TO  DEATH 

DOG  lOEMTIFICATIOH  .  ILB  (WBC)  ILB  (R)  . 


TATTOO 

AM-EXPT 

SEX 

BLOCK 

AGE 

DATE  DAYS 

UT 

KG 

RANK 

UCI/KG 

UCI 

KSQ/KG 

KBQ 

KBQ 

use  WBC 

LUNG  LUNG 

REC. 

LUNG 

1155S 

03-2744 

F 

L 

79067 

390 

7.7 

01 

1.0 

8.0 

37. 

300. 

270. 

40. 

1110U 

02-2592 

F 

H 

78208 

410 

6.7 

02 

1.0 

6.7 

37. 

250. 

190. 

31, 

1137S 

02-2726 

F 

J 

79047 

448 

10.2 

03 

0.91 

9.3 

34. 

340. 

470. 

60. 

1101S 

01-2592 

F 

H 

78208 

438 

10.1 

04 

0.86 

8.7 

32. 

320. 

96. 

17. 

964S 

01-1962 

F 

B 

77013 

444 

8.9 

05 

0.85 

7.6 

31. 

280. 

330. 

63. 

990U 

01-2114 

F 

D 

77076 

416 

8.5 

06 

0.79 

6.7 

29. 

250. 

210. 

59. 

1117B 

02-2604 

H 

I 

78215 

393 

9.9 

07 

0.78 

7.7 

29. 

280. 

270. 

32. 

972A 

02-1972 

H 

A 

77020 

436 

10.0 

08 

0.57 

5.7 

21. 

210. 

150. 

41. 

10978 

04-2514 

H 

G 

78117 

363 

9.7 

09 

0.57 

5.5 

21. 

200. 

190. 

28. 

11S5T 

02-2744 

F 

L 

79067 

390 

6.7 

10 

0.51 

3.4 

19. 

130. 

170. 

66. 

996A 

01-2132 

M 

C 

77111 

417 

10.6 

11 

0.48 

5.1 

13. 

190. 

170. 

45. 

1015B 

01-2196 

■M 

E 

77160 

394 

8.9 

12 

0.46 

4.1 

17. 

150. 

180. 

40. 

1027A 

03-2196 

H 

E 

77160 

365 

10.9 

13 

0.45 

4.9 

17. 

180. 

160. 

56. 

1099B 

03-2602 

H 

I 

78214 

451 

10.5 

14 

0.44 

4.6 

16. 

170. 

190. 

34. 

1110B 

01-2604 

H 

1 

78215 

417 

7.7 

15 

0.44 

3.4 

16. 

130. 

140. 

36. 

9S5C 

03-2132 

M 

C 

77111 

433 

9.9 

16 

0.40 

4.0 

15. 

150. 

110. 

59. 

1096C 

03-2514 

H 

G 

78117 

367 

9.8 

17 

0.38 

3.7 

14. 

140. 

130. 

54, 

11A1U 

03-2724 

F 

J 

79046 

429 

6.7 

18 

0.33 

2.2 

12. 

81. 

93. 

50. 

9778 

03-1972 

M 

A 

77020 

415 

11.6 

19 

0.31 

3.6 

11. 

130. 

130. 

27. 

1092B 

02-2514 

M 

G 

78116 

384 

9.9 

20 

0.30 

3.0 

11. 

110. 

130. 

47. 

1023X 

01-2210 

F 

F 

77174 

395 

8.5 

21 

0.29 

2.5 

11. 

93. 

96. 

35. 

994S 

02-2114 

F 

0 

77076 

401 

9.3 

22 

0.29 

2.7 

11. 

100. 

81. 

30. 

1099V 

02-2590 

F 

H 

78207 

414 

8.9 

23 

0.24 

2.1 

8.9 

76. 

59. 

27. 

997C 

02-2132 

H 

C 

77111 

416 

10.3 

24 

0.23 

2.4 

8.5 

89. 

81. 

40. 

113iD 

03-2684 

H 

K 

78321 

381 

10.5 

25 

0.19 

2.0 

7.0 

74. 

70. 

5.6 

11A1S 

01-2726 

F 

J 

79047 

430 

10.0 

26 

0.19 

1.9 

7.0 

70. 

190. 

32. 

1095S 

03-2588 

F 

H 

78206 

462 

10.1 

27 

0.19 

1.9 

7.0 

70. 

64. 

1099T 

02-2588 

F 

H 

78206 

443 

8.5 

28 

0.19 

1.6 

7.0 

59. 

73. 

989T 

03-2114 

F 

0 

77076 

425 

6.7 

29 

0.19 

1.3 

7.0 

48. 

45. 

1148U 

01-2744 

F 

L 

79067 

414 

6.7 

30 

0.19 

1.3 

7.0 

48. 

43, 

965S 

02-1962 

F 

B 

77013 

444 

10.0 

31 

0.17 

1.7 

6.3 

63. 

44. 

964T 

03-1962 

F 

B 

77013 

444 

7.7 

32 

0.17 

1.3 

6.3 

48. 

37. 

27. 

1009T 

01-2208 

F 

F 

77173 

421 

10.8 

33 

0.16 

1.7 

5.9 

63. 

39. 

10238 

02-2196 

f1 

E 

77160 

381 

10.0 

34 

0.15 

1.5 

5.6 

56. 

37. 

970A 

01-1972 

H 

A 

77020 

438 

10.3 

35 

0.15 

1.5 

5.6 

56. 

36. 

976A 

01-1970 

H 

A 

77019 

419 

12.6 

36 

0.14 

1.8 

5.2 

67. 

44. 

20. 

1020T 

02-2210 

F 

F 

77174 

399 

9.2 

37 

0.14 

1.3 

5.2 

48. 

41. 

20. 

1160T 

03-2742 

r 

L 

79066 

368 

8.3 

38 

0.13 

1.1 

4.8 

41. 

29. 

994T 

03-2112 

F 

D 

77075 

400 

8.8 

39 

0.13 

1.1 

4.8 

41. 

33. 

995A 

03-2130 

N 

C 

77110 

432 

10.4 

40 

0.12 

1.2 

4.4 

44. 

35. 

1008S 

03-2210 

F 

F 

77174 

425 

9.9 

41 

0.11 

1.1 

4.1 

41. 

31. 

1120A 

02-2602 

K 

I 

78214 

382 

9.3 

42 

0.11 

1.0 

4.1 

37. 

25. 

1112W 

03-2590 

F 

H 

78207 

402 

8.2 

43 

0.11 

0.93 

4.1 

34. 

63. 

36. 

1130A 

03-2632 

H 

K 

78320 

397 

10.5 

44 

0.10 

1.1 

3.7 

41. 

26. 

11. 

1130T 

01-2696 

F 

J 

78334 

411 

8.3 

45 

0.10 

0.87 

3.7 

32. 

25. 

1139U 

01-2724 

F 

J 

79046 

441 

8.9 

46 

0.098 

0.87 

3.6 

32. 

24. 

966T 

03- 1960 

F 

3 

77012 

439 

10.3 

47 

0.097 

1.0 

3.6 

37. 

24. 

1007A 

01-2194 

H 

E 

77159 

413 

9.4 

48 

0.071 

0.67 

2.6 

25, 

18. 

IVE  ALPHA  RADIATION  DOSE  (GY) 


9-30-91 

TO  DEATH 

DEATH 

DATE 

DAYS 

CCHKENT 

UBC 

LONG 

WBC 

LUNG 

REC. 

LUNG 

TO  9-30 
1991 

TO 

DEATH 

40. 

79277 

210 

O-PNEUHONITIS 

31. 

79049 

206 

0- PNEUMONITIS 

60. 

79296 

249 

O-PNEUHONITIS 

17. 

79190 

347 

E-PNEUHONITIS 

63. 

77349 

336 

O-PNEUMONITIS 

59. 

78198 

487 

O-PNEUMONITIS 

32. 

79071 

221 

0 -PNEUMONITIS 

41. 

78216 

561 

E-PNEUHONITIS 

28. 

79030 

278 

E- PNEUMONITIS 

66. 

80224 

522 

E- PNEUMONITIS 

45. 

78339 

593 

E- PNEUMONITIS 

40. 

78194 

399 

D-PNEUHONITIS 

56. 

79282 

852 

O-PNEUHONITIS 

34. 

79236 

387 

E-PNEUMONITIS 

36. 

79262 

412 

D-FNEUMCNITIS 

59. 

80349 

1333 

0-PNEUH.  AMO  PUL. FIBROSIS; CARO., LUNG 

54. 

80291 

904 

D-PN.EUHONITIS  AND  PULMONARY  FIBROSIS 

50. 

81108 

793 

D-PNfUMOMITIS 

27. 

78158 

503 

O-PMEUMONIYIS 

47. 

80123 

737 

E-PNEUMONITIS 

35. 

79096 

652 

E -PNEUMONITIS 

30. 

79074 

723 

O-PNEUHONITIS 

27. 

81058 

947 

E-PNEUHONITIS  AND  PUL.“ONARY  FIBROSIS 

40. 

80282 

1266 

O-PNEUMOHITIS  AND  PULMONARY  FIBROSIS 

5.6 

79108 

152 

E-PNEUHONITIS 

32. 

80027 

345 

O-PNEUMONITIS 

64. 

87123 

3204 

0-CARCINOMA,LUMG 

73. 

4815 

45. 

81299 

1684 

O-PMEUH.ANO  PUL. FIB.. -PUL.  CARCINOMA 

43. 

83146 

1540 

E-PNEUHONITIS  AND  PULMONARY  FIBROSIS 

44. 

82168 

1981 

E -PNEUM .AND  PUL . F I B . ; PUL . CARC I  NOMA 

27. 

80295 

1377 

£  PNEUMONITIS  AND  PULMONARY  FIBROSIS 

39. 

82277 

1930 

E-PUL.  CARC I  NOMAS; PUL.  FIBROSIS 

37. 

82121 

1787 

O-PNEUH.ANO  PUL. FIB.; PUL. CARCINOMA 

36. 

82003 

1809 

0-PUL.CARCINOMA;PNEUM.AND  PUL. FIB. 

20. 

80362 

1438 

0-PNEUH.  AMD  PUL. FIBP.CSIS;CARC,, LUNG 

20. 

80213 

1134 

O-PMEUHONITIS 

29. 

83133 

1528 

E-PNEUH.  AND  PUL.  fI3R0SIS;PUL.  CARC. 

33. 

82262 

2013 

O-PULHONARY  CARCINOMA, -PUL .FIBROSIS 

35. 

84220 

2666 

E - 8RONCH I OLOALVEOL AR  CARC I  NOMA , LUNG 

31. 

83252 

2269 

E-FjL.CARCINCHAS;PUL.  FIBROSIS 

25. 

83101 

1713 

E-PNEUM.  AND  PUL.  FIBROSIS;PUL.  CARC. 

36. 

81197 

1086 

E-PNEUHCNITIS  ANO  PULMONARY  FIBROSIS 

11. 

81197 

973 

D-CARC.,KIDNEY;PNEL'M.  AND  PUL.  FIB. 

25. 

83287 

1779 

E-PNEUMONITIS; BRONCHIOLOALVELOAR  CARC, 

24. 

83350 

1765 

E-PNEUMCMITIS  ANO  PULMONARY  FIBROSIS 

24. 

81353 

1802 

0  -  PNEUM  .ANO  P'JU .  F 1 8 . ;  PUL  .  CARC  I NCMA 

18. 

82274 

1941 

E-PNEUM.  ANO  PUL.  FIEROSIS;PUL.  CARC. 

AJO  ^^onodisperse  Aerosol  <1.5  itm  AMAD),  Longevity  Study  (continued) 


CUMULATIVE  ALPHA  RADIATION 

INHALATION  EXPOSURE  TO  9-30-91  TO  OEA 

OOG  IDENTIFICATION  .  ILB  (W8C)  ILB  (R)  .  . 


TATTOO 

AN-EXPT 

SEX 

SLOCK 

DATE 

ACE 

DAYS 

WT 

KG 

RANK 

UCI/KG 

UCI 

KBQ/KG 

K8Q  KSQ 

use 

LUNG 

use 

LUNG 

11 29  A 

02-2682 

M 

K 

78320 

398 

3.8 

49 

0.069 

0.61 

2.6 

23. 

24. 

1132C 

01-2684 

H 

K 

7C321 

394 

11.3 

50 

0.065 

0.73 

2.4 

27.  150. 

1099C 

01-2602 

M 

I 

78214 

451 

10.5 

51 

0.060 

0.63 

2.2 

23. 

14. 

1153T 

02-2742 

F 

L 

79066 

395 

8.3 

52 

0.057 

0.47 

2.1 

17. 

19. 

11298 

02-2634 

H 

K 

78321 

398 

10.7 

53 

0.056 

0.60 

2.1 

22.  100. 

999A 

02-2130 

H 

C 

77110 

394 

7.8 

54 

0.051 

0.40 

1.9 

15. 

19. 

1130C 

01-2682 

M 

K 

78320 

397 

9.0 

55 

0.048 

0.43 

1.8 

16. 

17. 

972S 

02-1960 

F 

8 

77012 

428 

8.2 

56 

0.046 

0.38 

1.7 

14. 

13. 

1022T 

02-2208 

F 

F 

77173 

394 

9.5 

57 

0.045 

0.43 

1.7 

16. 

16. 

992T 

01-2112 

F 

0 

77075 

405 

7.0 

58 

0.043 

0.30 

1.6 

11. 

14. 

mos 

01-2590 

F 

H 

78207 

409 

9.0 

59 

0.040 

0.36 

1.5 

13. 

12. 

10250 

02-2194 

M 

E 

77159 

367 

10.7 

60 

0.039 

0.42 

1.4 

16. 

11. 

1007B 

03-2194 

H 

E 

77159 

413 

11.3 

61 

0.035 

0.40 

1.3 

15. 

13. 

9788 

02-1970 

H 

A 

77019 

406 

8.6 

62 

0.028 

0.24 

1.0 

8.9 

10. 

10948 

01-2514 

H 

G 

78116 

372 

12.3 

63 

0.027 

0.33 

1.0 

12. 

6.2 

1113A 

03-2600 

H 

I 

78213 

408 

9.5 

64 

0.026 

0.25 

0.96 

9.3 

9.8 

1017A 

02-2192 

H 

E 

77158 

389 

9.0 

65 

0.023 

0.21 

0.85 

7.8 

9.1 

10960 

02-2512 

H 

G 

78116 

366 

10.5 

66 

0.021 

0.22 

0.78 

8.1 

6.0 

1134S 

02-2694 

F 

J 

78333 

393 

8.2 

67 

0.C20 

0.16 

0.74 

5.9 

7,5 

970F 

03-1970 

H 

A 

77019 

437 

8.8 

68 

0.017 

0.15 

0.63 

5.6 

6.2 

9920 

01-2130 

M 

C 

77110 

440 

10.4 

69 

0.017 

0.18 

0.63 

6.7 

4.9 

1112U 

01-2588 

F 

H 

78206 

401 

9.1 

70 

0.016 

0.15 

0.59 

5.6 

6.4 

969U 

02-1958 

F 

8 

77012 

431 

9.7 

71 

0.015 

0.15 

0.55 

5.6 

5.5 

1146T 

02-2724 

F 

J 

79046 

402 

8.8 

72 

0.015 

0.13 

0.55 

4.8 

5.7 

1014C 

01-2192 

H 

E 

77153 

397 

8.5 

73 

0.014 

0.12 

0.52 

4.4 

5,5 

1010T 

03-2208 

F 

F 

77173 

418 

10.0 

74 

0.014 

0.14 

0.52 

5.2  4.8 

1153S 

01-2742 

F 

L 

79066 

395 

8.9 

75 

0.012 

0.11 

0.44 

4.1 

4.7 

1092C 

01-2512 

M 

G 

78116 

382 

9.7 

76 

0.011 

0.11 

0.41 

4.1 

4.1 

9863 

02-2112 

F 

D 

77075 

431 

8.1 

77 

0.011 

0.087 

0.41 

3.2 

3.9 

96CU 

01-1960 

F 

B 

77012 

446 

9.1 

78 

0.010 

0.093 

0.37 

3.4 

3.9 

1110A 

02-2600 

M 

I 

78213 

415 

8.4 

79 

0.0095 

0.080 

0.35 

3.0 

3.6 

970S  . 

01-1958 

F 

B 

77012 

430 

9.6 

80 

0.0076 

0.073 

0.28 

2.7 

2.9 

988U 

02-2110 

F 

D 

77074 

429 

8.9 

81 

0.0070 

0.062 

0.26 

2.3 

2.8 

9948 

02-2128 

M 

C 

77109 

434 

10.0 

82 

0.0063 

0.063 

0.23 

2.3 

2.5 

11 00  A 

01-2600 

H 

I 

78213 

446 

9.6 

83 

0.0061 

0.059 

0.23 

2.2 

2.4 

1097A 

02-2508 

H 

G 

78115 

361 

9.0 

84 

0.0061 

0.055 

0.23 

2.0 

2.4 

1132D 

02-2680 

H 

K 

78319 

392 

9,7 

85 

0.0060 

0.058 

0.22 

2.1 

2.3 

1010W 

02-2206 

F 

F 

77172 

417 

10.4 

86 

0.0043 

0.045 

0.16 

1,7 

1.7 

1130S 

01-2694 

F 

J 

78333 

410 

8.3 

87 

0.0040 

0.033 

0.15 

1.2 

'.5 

972D 

02-1968 

H 

A 

77018 

*34 

8.5 

88 

0.0040 

0.034 

0.15 

1.3 

1.6 

1154S 

02-2740 

F 

L 

79065 

388 

9.0 

89 

0.0034 

0.031 

0.13 

1.1 

1.3 

1149T 

01-2740 

F 

L 

79065 

411 

7.5 

90 

0.0033 

0.025 

0.12 

0.92 

1.3 

971 C 

01-1968 

H 

A 

77018 

435 

8.2 

91 

0.0024 

0.020 

0.089 

0.74 

0.98 

11318 

01-2680 

M 

K 

78319 

395 

11.0 

92 

0.0023 

0.025 

0.085 

0.92 

0.88 

988S 

01-2110 

F 

0 

77074 

429 

9.5 

93 

0.0022 

0.021 

0.001 

0.73 

0.81 

997A 

01-2128 

M 

C 

77109 

414 

10.6 

94 

0.0018 

0.019 

0.067 

0.70 

0.70 

1095 A 

01-2508 

H 

G 

78115 

371 

11.2 

95 

0.0013 

0.015 

0.048 

O.SS 

0.51 

1022V 

01-2206 

F 

F 

77172 

393 

9.6 

96 

0.0007 

0.007 

0.026 

0.26 

0.29 

960T 

02-1956 

F 

8 

77007 

441 

9,4 

C 

977A 

01-1974 

H 

A 

77024 

415 

11.7 

C 

982S 

03-2116 

F 

0 

77080 

446 

10.0 

C 

998A 

01-2146 

H 

c 

77117 

416 

10.5 

c 

1010A 

01-2198 

H 

E 

77160 

405 

12.4 

c 

1021S 

01-2212 

F 

e 

77174 

396 

9.3 

c 

10938 

01-2510 

H 

G 

73115 

375 

7.9 

c 

1107S 

01-2594 

F 

H 

78208 

417 

9.0 

c 

1109A 

01-2605 

H 

I 

78215 

417 

11.8 

c 

1131A 

01-2681 

H 

K 

78319 

395 

12.2 

c 

1136S 

01-2695 

F 

J 

78333 

375 

9.0 

C 

1152S 

01-2746 

F 

L 

79065 

396 

9.2 

c 

****^******n*n***it****** 


UCI/KG  REPRESENTS  HICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  VEIGHT. 

KBQ/KG  REPRESENTS  KILOBEOUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BODY  WEIGHT. 

DOSE  RATE  AND  CUMULATI'YE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 

COMMENT;  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED  RESPECTIVELY.  PROMINENT  FINDINGS  ARE 
(I)  SIGNIFIES  AN  INCIDENTAL  FINDING  WHICH  WAS  NOT  IMMEDIATELY  LIFE-THEATENING. 

CAUTION:  THE  RECONSTRUCTED  INITIAL  LUNG  BURDENS,  DENOTED  BY  (R)  AND  (REC)  IN  THIS  TABLE  MAY  BE  TOO  HIGH  BECAUSE  OF  CURI 
THIS  KAY  LEAD  TO  CALCUUTEO  ORGAN  DOSES  THAT  ARE  TOO  HIGH.  THIS  PROBLEM  IS  ESPECIALLY  IMPORTANT  FOR  DOGS  I 


CtJMUUTIVE  ALPHA 

RAOUTICN 

DOSE  (GY) 

TO  9-:o-9i 

TO  DEATH 

DAYS 

use 

use 

REC. 

DEATH 

TO  9-30 

TO 

LUNG 

LUNG 

LUNu 

DATE 

1991 

DEATH 

CCHMEMT 

24. 

870SS 

3052 

£-CARCtH01A,LUNG 

43. 

80296 

705 

O-PNEUMONITIS  AND  PULHONARY  flEROSIS 

14. 

83123 

1735 

D-PNEUH.  ,.ND  PUL.  fIESOSIS;FUL.  CARC. 

19. 

88145 

3366 

E-CARCIN(.NA,LUNG 

37. 

81087 

862 

o-pneuhonit:s  and  pulnohaky  fisrosis 

19. 

88358 

4265 

E- MALIGNANT  MELANOMA ,O.TAL 

17. 

88301 

3633 

E-PAPILLARY  AOENOCARClNO*r,A_Mj'.o 

13. 

82334 

2148 

O-FNEL'M.  ANO  PUL.  F I8F.03 1 S;FUL.  CARC. 

16. 

87056 

3535 

E-CAftClKCt?A.L*JNO 

14. 

S5221 

3068 

E-FNEUHONITIS  ANO  PUt.r'CNAfT  flEROSIS 

12. 

85030 

2330 

0-PNEUM.  ANO  PUL.  F!SROSIS;P'JL.  CARC. 

11. 

64017 

2414 

£-AO£?iOCARCI>iCyA,l,L-NS 

13. 

87285 

3778 

£ -CARCINOMA, LUNG 

10. 

88021 

4019 

E-CARCINOA.LUiVG 

6.2 

82302 

1647 

E-PNEUM.  ANO  PUL.  FI5P.DS:»;PUL.  CARC. 

9.8 

90059 

4229 

E-F.APiL'.ARy  AOes'OCASCI  .CyA,l'JMG 

9.1 

90270 

4860 

E-0Gr£0$ARCC+lA,s:c5SL’f4 

6.0 

84265 

2340 

E-HULIIPLE  CARCINCMAS.LLSO 

7.5 

6.2 

87312 

4688 

3945 

0-PNEUMONIT!S,  FIBRCUS  adenoma, LUNG; 

4.9 

83234 

2315 

O-JCJCNtJM,  SMOOTH  M;JSCLE  TU«0R 

i.4 

5.5 

86358 

4815 

3633 

E-HEHCLYTIC  anemia 

5.7 

5.5 

90115 

4610 

4705 

e-transitional  cell  carcinoma, bladder 

2.3 

80187 

1109 

o-necrotic  pharyngitis 

4.7 

4.1 

89033 

4590 

3935 

E-RiPILLARY  ADFNOCARCiNOMA.LUKS 

3.9 

87206 

3783 

0-CARCIkC^A,li.*w 

3.9 

89041 

4412 

c-FDEN3CArC;NC>'A,CSrECCASCyYA,lUNC 

3.6 

90120 

4290 

e-itmphosarc:ma 

2.9 

89159 

4530 

E-P.ARILLARY  APEN0CA5C.,M;M.  CLANO 

2.8 

5312 

2.5 

5277 

2.4 

2.4 

91010 

4808 

4643 

E-CARCiNOLA,LUNG 

2.3 

4702 

1.7 

1.5 

91015 

5214 

4430 

d-plel-rcfmeuhcnia 

1.6 

91214 

5309 

0-CARCIKCMA,LUNC;C>RC:*<C«A,LARYHX 

1.3 

4591 

1.3 

i591 

0.98 

5368 

0.88 

0.81 

88012 

4702 

3955 

0-T9AKSIT:OKAI  CARC!MOfa,BLAC:ER 

0.70 

90262 

4901 

E-RENAL  CELL  CA'!C:hc»-A,<1CNET 

0.51 

90243 

4516 

E-HEPATOCELLUIAR  CARC:nC«A, LIVER 

0.29 

91027 

5379 

4968 

r-CARClMCMA,X.:L^MARy  GLAND 

88349 

4342 

E-CHRC-NIC  INTERSTITIAL  NeF“»ITIS 

89200 

5269 

4503 

e-haligmamt  melanoma, oral 

91263 

5212 

5216 

E-ASTRCCYTCD^A 

90173 

4813 

4441 

O-REN.AL  AXYLOIOCSIS 

4806 

88139 

4688 

3472 

£-OSTEOSARCC«A,BGNc 

4591 

I  OH  EaTCS'JHH, 

LY.  PSCf'.iVIEHT  fITOIKCi  ABc  iHCLl^JEO. 

AY  3?  iC'J  HIGif  SFCAu’SE  Or  CUPAENT  AKALYTICAL  RAOICCHEMICAL  PRcSLEMS, 
ECIALIY  U;?CRT'';a  FOR  DOGS  iH  THE  LC-rcR  EXPOSG’RE  LE'^LS. 


A.21  Nfonodupet'e  Aero<iol  (3.0  nm  A.MAD),  Lonjjevify  Study 


CtWUUTI’/S  nPHA  BACIATIOK  t 


IMHALATIOM  EXPOSUA£ 


10  9-30-91  to  e£A 


DOG  lOENTtnCATIOH  - .  113  (W8C)  118  (R> 


TATTOO 

AN-EXPT 

SEX 

81.CCX 

DATE 

AGE 

OATS 

WT 

KG 

RANK 

UCl/KG 

UC1 

Ksa/KG 

KSO 

KSO 

wdC  wee 

VM  ItftiG 

11228 

03-2620 

M 

K 

78251 

395 

8.5 

01 

2.0 

17. 

74. 

620. 

543 

934A 

02-2104 

H 

C 

77068 

426 

11. -3 

02 

1.4 

15. 

52. 

570. 

480 

1(«9A 

03-2398 

H 

G 

78018 

431 

11.6 

03 

1.4 

16. 

52. 

590. 

490 

1004S 

03-2170 

f 

0 

77133 

395 

8.9 

04 

1.3 

IS. 

48. 

420. 

590 

1152V 

03-2738 

f 

L 

79061 

392 

9.7 

05 

1.2 

12. 

44. 

440. 

330 

981 T 

03-2078 

f 

8 

77033 

403 

11.1 

06 

1.1 

13. 

41. 

470. 

420 

11381 

03-2722 

r 

J 

79039 

440 

4.7 

07 

C.88 

5.9 

3.5. 

220. 

110 

997D 

03-2144 

« 

E 

77117 

422 

8.4 

08 

0.77 

6.5 

28. 

240. 

240 

1001A 

02-2144 

M 

)P 

77117 

389 

10.4 

09 

0.70 

7.3 

26. 

270. 

110 

11DOO 

03-2554 

H 

1 

78159 

392 

10.7 

10 

0.68 

7.3 

25. 

?70. 

250 

10698 

02-2398 

M 

G 

78018 

431 

11.3 

11 

0.59 

6.5 

21. 

240. 

220 

11170 

02-2620 

M 

K 

78251 

429 

9.2 

12 

0.58 

5.3 

21. 

200. 

280 

103AS 

03-2234 

f 

f 

77215 

401 

7.7 

13 

0.56 

4.3 

21. 

160. 

220 

1099A 

02-2554 

H 

1 

78159 

396 

1'.2 

14 

0.56 

6,3 

21. 

230. 

93 

11248 

01-2620 

H 

K 

78251 

382 

11.2 

IS 

0.56 

6.3 

21. 

230. 

240 

1101U 

03-2552 

f 

H 

78158 

583 

10.5 

16 

0.55 

5.8 

20. 

210. 

2CO 

9777 

02-2078 

f 

8 

77033 

428 

7.9 

17 

0.52 

4,1 

19. 

150. 

100 

980A 

01-2104 

M 

C 

77063 

443 

10.5 

18 

0.51 

5.4 

19. 

200. 

200 

977U 

01-2078 

f 

8 

77053 

428 

10.5 

19 

0.47 

4.9 

17. 

180. 

140 

1149$ 

02-2738 

f 

L 

79061 

407 

8.8 

20 

0.42 

3,7 

16. 

140. 

8$. 

964A 

01-1950 

H 

A 

77U05 

436 

9.9 

21 

0,39 

3.9 

14 » 

140. 

160 

1137U 

02-2722 

f 

J 

79039 

440 

10.4 

22 

0.36 

3.7 

13. 

140. 

1M 

10008 

01-2144 

M 

£ 

77117 

459 

10.9 

23 

0.35 

3.8 

U, 

140. 

190 

1105T 

02-2552 

f 

8 

78158 

377 

10.1 

24 

0.5$ 

3.5 

13. 

1:0. 

100 

1007$ 

01-2170 

f 

D 

77133 

3-27 

7.5 

2S 

0.33 

2,5 

12. 

93. 

28 

1071A 

01-2398 

H 

8 

78018 

427 

10.4 

26 

0.50 

J,1 

11. 

no. 

62. 

10293 

01-2234 

r 

f 

77215 

»i7 

10.5 

27 

0.23 

2.9 

10. 

no. 

93 

989A 

03-2104 

H 

C 

77063 

417 

9.9 

28 

0.28 

2.8 

10. 

100. 

62. 

9eov 

01-2076 

r 

8 

77032 

iOT 

9.0 

29 

0.27 

2.4 

10. 

89, 

81 

11 05  A 

01-2554 

M 

1 

78159 

378 

10.3 

30 

C.25 

2.6 

9.3 

96. 

ICO 

1101T 

01-2552 

X 

H 

781'.a 

308 

8.4 

31 

9.?5 

2.1 

9,3 

78. 

74 

1137T 

01-2722 

r 

J 

79709 

440 

10.0 

32 

0.24 

2.4 

8.9 

*9. 

SO. 

1167U 

01-2738 

f 

L 

7'K:*1 

409 

9.3 

33 

0.24 

2.2 

8.9 

81, 

4$. 

1C05S 

02-2170 

f 

0 

77153 

391 

8.8 

34 

0.24 

2.1 

8.9 

78. 

59. 

1117C 

03-2618 

M 

K 

73250 

428 

11.0 

35 

0.16 

1.8 

5.9 

47. 

42. 

1070A 

03-2396 

H 

S 

73017 

427 

10.5 

36 

0.16 

1.x 

5.9 

63. 

37. 

1023U 

02-2234 

f 

f 

772-5 

436 

7.9 

37 

0.14 

1.1 

5.2 

41. 

36. 

1008T 

01-2166 

f 

0 

771,12 

383 

7.9 

38 

0.12 

0.93 

4.4 

34. 

38. 

9636 

02-  l'.i50 

n 

A 

77005 

437 

12.1 

39 

0.12 

1 .4 

4.4 

52. 

27. 

115?!.' 

03-2756 

f 

L 

79060 

591 

9.4 

40 

C.ll 

1.0 

4.1 

37. 

33. 

1139T 

03-2720 

r 

J 

79033 

433 

9.8 

41 

0.11 

1.1 

4.1 

41. 

33. 

1104  A 

n 

1 

78160 

381 

11.0 

42 

0.11 

1.2 

4.1 

• 

29. 

lOOOO 

03-2 >42 

n 

E 

77118 

376 

8.9 

45 

0.10 

0.92 

3.7 

34. 

39. 

03-2556 

M 

1 

78 -60 

4C6 

9,9 

44 

0.10 

1.0 

3.7 

37. 

23. 

10709 

02-2396 

X 

li 

780  1  7 

427 

11.5 

4$ 

0.C96 

1.1 

3.6 

41. 

32. 

ii'in 

02-7618 

M 

K 

78  250 

407 

9.2 

4,S 

0.087 

o.eo 

3.2 

39. 

26. 

10Z3V 

03-2232 

f 

f 

7?2U 

435 

8.7 

47 

0.084 

o.n 

3.1 

27. 

25. 

9.MA 

01-21Q2 

Pt 

c 

77067 

423 

10.8 

48 

0.074 

0.80 

2.7 

30. 

22. 

11069 

03-25‘0 

f 

H 

73157 

374 

10,2 

49 

0.3X2 

0.7i 

2.7 

37. 

' 

21. 

MXiM'Jt  ALPHA  RAOIATIOM  OQSE  <GY) 


TO  9-J0-91 

TO  DEATH 

OATS 

wgc 

vsz 

REC. 

death 

TO  9-30 

TO 

lUHS 

LWiG 

LONG 

DATE 

1991 

DEATH  COHHEHI 

3a 

78354 

105 

E-PHEL'HOHITIS 

28 

77184 

116 

o-pheu»«:hitis 

45 

■/o304 

283 

53 

77343 

230 

0-PHEUHCVins 

71 

80123 

427 

E-P<iEL»*Ci(l'IS 

51 

77289 

256 

0-PHEUMCHIIIS 

48 

80305 

631 

E-PHEUMOHtliS  AaO  POIHCHARY  fl BROS  IS 

76 

73306 

554 

O-PHELWIITIS 

31 

79023 

636 

E-PVEUWOSITIS 

54 

79265 

471 

O-PHEUMOHITIS 

68 

80042 

754 

O-PVEOMCMITIS 

79 

80046 

525 

E-PHEUMCHITIS 

69 

78356 

506 

O-PHEUKCHIIIS 

38 

81161 

1098 

E-PHEUHOHITIS  AHO  PULHCHART  fibrosis 

49 

29340 

454 

E-PH£UFiCN!tlS 

64 

80155 

727 

E-PHEUHOHIf IS 

35 

78257 

589 

E-PHCUHOHItlS 

59 

79004 

644 

O-rHECKWITIS 

49 

78286 

618 

E-PHtUHOHITIS 

85, 

82320 

1355 

E-PHEUYI.  AMO  POL.  f I9ROSI5;PUl.  CARC. 

53 

70342 

702 

E-PM5UHOMITIS 

45 

81313 

1005 

E-PHtilNCHITIS  AMO  POIMCMARY  FIBROSIS 

*4 

80130 

1108 

e-CARCIMC«A.lOVO 

45 

81077 

1015 

e-PMFUJlCMlTIS  A«0  <’^Jl^<OMARY  FIBROSIS 

34 

79184 

781 

0-PHEWCMITIS 

a. 

81354 

1434 

e-MH-YMARY  FI8ROSIS;POL.CARC1MOKA 

SO 

79218 

733 

O-PWIWOMITIS 

62. 

81132 

1525 

E-PMC'JAy.  AMO  Pin..  Fn80SIS;CARC.,tU*lG 

32 

791/8 

876 

0-PMii,W»I1IS 

43 

81118 

1055 

E-PME'JHCHITIS  AMO  PUtMOMARY  FIBROSIS 

39 

81105 

1043 

c-PiFi/VOMUts  f.^bosis 

50. 

82365 

1422 

O-PmE’J*.  AMO  POL.  FIS»05I5:P1IL.  CA»C. 

45. 

82222 

1257 

PviMCNAfiT  riofic$is 

59. 

82151 

1844 

O-cmY-.SI.AMO  PUl.FIO.:P<JL.CASCIHQ«A 

42. 

83349 

1V25 

C  -  AJJCMOCARC I MCWA ,  1 UMO 

37. 

82204 

1648 

E-P*£1!M.AM0  PVl.F  IB.  ;Pi;i  .CARCIMCKA 

38, 

83011 

1987 

E-fMAFlOMART  FIRROSIS.Pl'l.  CARCIMYMA 

38. 

55110 

2900 

AND  m.  ;IF0C5I5;C>HC.,IL™G 

27. 

81’?0 

1656 

0-PMFun.  AMO  fUL.  FInsC5IS,L'ARC..lin(G 

33. 

86301 

2798 

t-CAPCIMO'A.LUM'-, 

25. 

31138 

1541 

E-PNfUM.  AMO  PVl.  FI5ROSlS;('Ul.  CARC. 

29. 

34065 

2094 

t-epo«cHrct.oAi'/Fci*«  carcuoia 

39. 

64329 

E-CAPCUf«A.l^=*S 

23. 

82357 

1458 

E-PvF!.jK?timS  AMO  rUlHCMART  FIBROSIS 

32. 

86280 

3185 

e-C*BClMa«A,LUH<i 

24. 

65143 

2450 

t-CACciwi^'A.iL'wa 

25. 

nii09 

2951 

E - «OCACr I WOHA . 1 

22, 

84018 

25,?7 

f-8.A,  cosivro  CA8C*NnMA',,lL"<G 

21. 

84353 

2387 

C-CA.RCIM'XA.IL'KG 

A.21  MooodLsperse  Aerosol  (3.0  /im  A^^AD),  Lonsevity  Study  (continued) 


CUHUUTtVE  ALPHA  RAOIATtC 


DOG  IDENTIFICATION 

INHALATION  EXPOSURE 

ILB  (R) 

TO  9-30-91 

wsc 

LUNG 

TATTOO  AH-EXPT  SEX 

BLOCK  CATE  OATS  KG  RANK  UCI/KG  UCI  K80/KG  KBS 

KBQ 

LUNG 

999B 

02-2142 

H 

E 

77116 

400 

9.2 

50 

0.062 

0.57 

2.3 

21. 

23, 

966A 

02-1948 

H 

A 

77004 

431 

11.1 

51 

0.058 

0.64 

2.1 

24. 

13. 

1160V 

02-2736 

f 

L 

79060 

365 

9.8 

52 

0.054 

0.53 

2.0 

20. 

17. 

1160S 

01-2736 

f 

L 

79060 

365 

9.3 

53 

0.053 

0.49 

2.0 

18. 

18. 

9800 

03-2076 

r 

B 

77032 

408 

11.9 

54 

0.040 

0.47 

1.5 

17. 

13. 

1139S 

02-2720 

F 

J 

79038 

433 

10.6 

55 

0.03S 

0.40 

1.4 

15. 

IS. 

9888 

03-2102 

H 

C 

77067 

422 

12.5 

56 

0.038 

0.47 

1.4 

17, 

13. 

981S 

02-2076 

F 

B 

77032 

403 

10.2 

57 

0.038 

0.39 

1.4 

14. 

15. 

1OF20 

01-2396 

M 

C 

78017 

425 

11.4 

58 

0.034 

0.39 

1.3 

14. 

12. 

1101A 

01-2556 

M 

I 

78160 

390 

10.6 

59 

0.030 

0.32 

1.1 

12. 

10, 

1005U 

03-2166 

F 

0 

77132 

390 

9.3 

60 

0.029 

0.27 

1.1 

10. 

9.2 

1099S 

02-2550 

F 

H 

78157 

394 

7.8 

61 

0.029 

0.23 

1.1 

8.5 

8.6 

S65A 

03-1950 

M 

A 

77005 

436 

12.3 

62 

0.029 

0.36 

1.1 

IS. 

11. 

1121C 

01-2618 

M 

K 

78250 

401 

10.4 

63 

0.026 

0.27 

0.96 

10. 

9.5 

960A 

03-1948 

M 

A 

77004 

433 

10.0 

64 

0.025 

0.25 

0.92 

9.3 

9.C 

103AT 

01-2232 

F 

F 

77214 

400 

6.4 

65 

0.023 

0.15 

0.85 

5.6 

8.3 

1096T 

01-2550 

F 

H 

78157 

407 

9.8 

66 

0.019 

0.19 

0.70 

7.0 

7.6 

982A 

C2-2102 

H 

C 

77067 

437 

10.5 

67 

0.018 

0.19 

0.67 

7.0 

6.7 

1133S 

01-2720 

F 

J 

79038 

439 

7.6 

68 

0.014 

0.11 

0.52 

4,1 

5.6 

9940 

01-2142 

M 

E 

77116 

441 

10.9 

69 

0.012 

0.13 

0.44 

4.8 

4.8 

9638 

01-1948 

N 

A 

770C4 

436 

11.9 

70 

0.011 

0.13 

0.41 

4.8 

4.3 

1009S 

02-2166 

F 

0 

77132 

380 

10.6 

71 

0.010 

0.11 

0.37 

4.1 

3.7 

1033U 

02-2232 

F 

F 

77214 

403 

8.5 

72 

0.0060 

0.053 

0.22 

2.0 

2.4 

96'D 

01-1956 

H 

A 

77007 

443 

11.6 

C 

9733 

01-2084 

F 

B 

77035 

433 

7.4 

C 

9880 

01-2T16 

M 

C 

77080 

435 

10.0 

c 

994C 

03- ’H6 

H 

E 

77117 

442 

12.7 

c 

999T 

f,l-2'68 

F 

0 

77130 

414 

8.4 

c 

10335 

01-2240 

F 

f 

77231 

419 

9.6 

C 

107ZC 

01-2400 

n 

G 

780  1  9 

427 

10.5 

c 

r.04T 

01-2558 

F 

H 

78157 

378 

7.0 

c 

11C0C 

01-2559 

n 

I 

78158 

391 

10.6 

c 

1122C 

01-2622 

H 

K 

78251 

395 

9.7 

c 

112«U 

01-2547 

F 

J 

78352 

407 

8.7 

c 

1152T 

01-2739 

F 

L 

79060 

391 

10.0 

c 

UC!/KG  PPPPESPHTS  "ICPOa’PIES  Of  PAOIONUCL'OE  Pf*  fllOCPAM  OF  TOTAL  gOOT  WEICHT. 

KSO/AO  REPBESEHtS  ftLCBEOUERELS  Of  fAOlCMUCLIOt  PER  AltCGRAM  Of  TOTAL  BOOT  WEIGHT. 

DOSE  RATE  AW  CUMULATIVE  003E  ARE  PRESCHTCO  AS  fUHCTICMS  OF  TIME  IN  CATS  AFTER  INHALATION  EXPOSL.SIE. 

COMMENT:  0,  e,  C*  S  INOICATE  THE  COG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED  RESPECT IVELT .  PRCMIHENT  FINOINGS  ARE 
<l)  SIGNIFIES  AN  INCIOENTAL  FINDING  WHICH  WAS  NOT  IMMEOIATEIT  L If E • THEATEHIHO. 

CAUTION;  THE  RECON5TPUCTED  INITIAL  LUNG  BURDENS,  DENOTED  BT  (R)  AND  (RECJ  IM  THIS  TABLE  «AT  BE  TOC  HIGH  BECAUSE  Of  a-R 
THif  MAT  lead  TO  CALCULATED  ORGAN  DOSES  THAT  ARE  TOO  HIGH,  THIS  PROBLEM  IS  ESPECIAILT  !W>C»TANT  FOR  DOCS  1 


CUMULATIVE  ALPHA  RAOIATIOK  DCSE  <CY) 


TO  9-30-91 

TO  PEATH 

DAYS 

W8C 

woe  EEC. 

DEATH 

TO  9-30 

TO 

LUNG 

LUHS  lung 

DATE 

1991 

DEATH  CCMMEMT 

ZS. 

82223 

4129 

e-malignaht  mixed  tlmcr.luhg 

13. 

81121 

1570 

E-PHEUH.  AND  PUL.  FI  BROS ISjCARC., LUNG 

17. 

87093 

2955 

0-CARCIHCMA.LUHC 

18. 

88043 

3290 

E-CARCIHCMA.lUNG 

13. 

84347 

2871 

E-SOUAMOUS  CELL  CARCIHCHA, MOUTH 

15. 

13. 

87C41 

4618 

3626 

E-CARCIIS0MA,LUHG 

15. 

89110 

4461 

£  •  ACENOSCUAMOUS  CARC 1  HL’MA .  LUNG 

12. 

07084 

3354 

E-CARCINO'A.LUNG 

10. 

87194 

3321 

E-CA»CINCNA,IUNG 

9.2 

85030 

2820 

£-CAtC!;;0«A.LUNG 

8.6 

85029 

2429 

0- CARC I  NOMA, lung 

11. 

90046 

4789 

E-PAPILLARY  AOENOCARCINCMA.LUNG 

9.5 

89194 

3962 

E-PAPILIARY  ADENCCARCINCMA.LUNG 

9.0 

87118 

3766 

E-CARCINOMA, LUNG 

8.8 

89136 

4355 

E-MEMANGIOSARCCMA, LIVER;  CARC., LUNG 

7.6 

6.7 

88195 

4864 

4145 

£■ CARC I  NOMA, LUNG 

5.6 

91052 

4397 

e-CCMG£STIVE  HEART  FAILURE 

4.8 

89143 

4410 

e-papillary  adenocarcinoma, lung 

4.3 

91118 

5227 

O-CONCESTIVE  HFART  FAILURE.-CARCINCMA.LUNG 

3.7 

87140 

3660 

E-CARCINOMA,LUNG 

2.4 

90002 

4536 

D-AOENOCARCINCMA, PANCREAS 

89097 

4473 

t-SOUAMOUS  CELL  CARC I NCMA, TONSIL 

89219 

5306 

4567 

E-TRANSITICNAL  CELL  CARCINOMA, BLADDER 

89321 

4587 

E-NE?HRC6LASTCMA,X1DNET 

90353 

5155 

4971 

0-M£LANCMA,EY£ 

83143 

4864 

1950 

O-CONGESTIVE  HEART  FAILURE 

4863 

4770 

88181 

4596 

3481 

E-OSTEOARTHRITIS, BONE 

•M  EXPOCUPE. 

.  PSOMIHEHT  FIHDIMG3  ARE  INCLUOfD. 

■  BE  TOO  HIGH  BECAUSE  Of  CURRENT  AHALTTICAL  RAD ICCHEM'CAL  PROBLEMS. 
lALLY  IMPORTANT  FC.R  DOCS  IH  THE  LOWER  EXPOSURE  LEVELS. 


A.22  ^^®Pu02  Monodisperse  Aerosol  (l.S  #im  AMAD),  Immature  Longevity  Study 


CUMJLATJVE  ALPHA  RADIAIiCM  OOSE  < 

IHHALAIIOM  EXPOSl«£  TO  9-30-91  TO  DEATH 


DOG  IDENTIFICATION  . 

ILS  (USC) 

118  (R) 

TATTOO  AN-EXPT  SEX  8L0CC 

OATS  OATS 

KG 

RANK  UC1A&  UCI  X30/KC 

KEO  K30 

LUNG 

LUNG 

K  cC  ■ 

lUNS 

1350A 

01-3204 

H 

E 

81296 

104 

2.4 

01 

0.79 

1.9 

29. 

70. 

21. 

13. 

1380V 

03-3408 

f 

L 

82266 

96 

3.9 

02 

0.74 

2.9 

27. 

110. 

130. 

84. 

1379A 

01-3408 

H 

I 

82266 

96 

4.8 

03 

0.69 

3.3 

26. 

120. 

56. 

24. 

1331S 

02-3122 

f 

D 

81225 

97 

2.3 

04 

0.64 

1.8 

24, 

67. 

12. 

0.62 

1379T 

02-3408 

F 

J 

82266 

96 

4.7 

05 

0.57 

2.7 

21. 

100. 

84. 

36. 

1389A 

01-3454 

M 

K 

83063 

80 

3.9 

06 

0.54 

2.1 

20. 

78. 

33. 

13. 

1367S 

01-3314 

F 

H 

82091 

89 

3.3 

07 

0.55 

1.8 

20. 

67. 

30, 

17. 

1366C 

01-3312 

N 

G 

82090 

89 

3.1 

08 

0.55 

1.7 

20. 

63. 

63. 

36. 

1331A 

01-3122 

H 

C 

81225 

97 

4.1 

09 

0.51 

2.1 

19. 

78. 

34. 

16. 

1340T 

01-3140 

F 

F 

81246 

84 

2.9 

10 

0.32 

0.90 

12. 

33. 

24. 

1377T 

03-3398 

F 

J 

82244 

100 

3.6 

11 

0.28 

0.99 

10. 

37. 

27. 

15. 

1365S 

01-3310 

F 

H 

82089 

90 

3.5 

12 

0.28 

0.96 

10. 

36. 

26. 

15, 

1351S 

01-3216 

F 

F 

81321 

95 

2.6 

13 

0.28 

0.74 

10. 

27, 

23, 

15. 

1362A 

01-3300 

H 

C 

82082 

99 

4.5 

14 

0.27 

0.12 

10. 

4.4 

3.3 

1350C 

02-3204 

M 

E 

81296 

104 

2.5 

15 

0.24 

0.59 

8.9 

22. 

14. 

8.7 

1217S 

02-2856 

F 

a 

79228 

101 

3.9 

16 

0.22 

0.86 

8,1 

32. 

41. 

22. 

1331U 

01-3124 

F 

0 

81226 

98 

2.8 

17 

0.21 

0.60 

7.8 

22. 

19. 

1390S 

02-3454 

F 

L 

83060 

60 

3.1 

18 

0.21 

0.66 

7.8 

24. 

18, 

13788 

04-3398 

M 

1 

82244 

97 

4.4 

19 

0.19 

0.83 

7.0 

31. 

24. 

7.0 

1337T 

01-3130 

F 

D 

81238 

88 

3.3 

20 

0.17 

0.56 

6.3 

21. 

18. 

13360 

03-3130 

H 

E 

81238 

88 

3.6 

el 

0.17 

0.60 

6.3 

22. 

18. 

1215A 

01-2842 

H 

A 

79220 

100 

5,2 

22 

0.16 

0.82 

5.9 

30. 

32. 

17. 

1366 A 

02-3310 

M 

G 

82089 

88 

3.9 

23 

0.16 

0.61 

5.9 

23. 

15. 

1337U 

02-3130 

F 

F 

81238 

88 

3.0 

24 

0.16 

0.46 

5,9 

17. 

17. 

12209 

02-2844 

H 

A 

79221 

84 

2.4 

25 

0,16 

0.39 

5.9 

14. 

10. 

1364S 

01-3304 

F 

H 

82084 

99 

4.5 

26 

0.13 

0.59 

4.8 

22. 

14. 

13878 

01-3442 

H 

X 

82351 

68 

3.9 

27 

0,13 

0.51 

4.8 

19. 

12. 

1365A 

02-3304 

M 

G 

82084 

85 

3.7 

23 

0.13 

0.49 

4.8 

18. 

11. 

1377S 

01-3390 

F 

J 

82224 

80 

3.3 

29 

0.12 

0.38 

4.4 

14. 

9.4 

1377A 

02-3390 

M 

1 

82224 

80 

3.4 

30 

0.10 

0.35 

3.7 

13. 

8.2 

13848 

01-3418 

N 

K 

82287 

83 

3.5 

31 

0.094 

0.33 

3.5 

12. 

8.4 

1384S 

02-3418 

F 

1 

82237 

83 

2.8 

32 

0.089 

0.25 

3,3 

9.3 

6.6 

1222T 

02-285? 

F 

8 

79227 

79 

1.9 

33 

0.079 

0.15 

2.9 

5.6 

16. 

10. 

1376a 

01-33.V 

H 

1 

82223 

87 

2.2 

34 

0.074 

0.16 

2.7 

5.9 

5.5 

1339A 

01-3132 

M 

E 

81239 

82 

3.6 

35 

0.072 

0.26 

2.7 

9,6 

6.1 

1324T 

01-3099 

F 

0 

81174 

98 

5,3 

36 

0.069 

0.39 

2.6 

14, 

9.5 

1376T 

02-3386 

F 

J 

82223 

87 

2.2 

37 

0.068 

0.15 

2.5 

5.6 

6.0 

1363S 

02-3302 

F 

H 

82083 

100 

3.3 

38 

0.067 

0.22 

2.5 

8,1 

6.9 

1220T 

01-2856 

F 

S 

79223 

91 

2.5 

39 

0.065 

0.16 

2.4 

5.9 

5.4 

1364 A 

01-3302 

M 

c 

82983 

98 

3.9 

40 

0.056 

0,22 

2.1 

8,1 

6.2 

13340 

02-3126 

H 

E 

81231 

95 

2.2 

41 

0.056 

0.12 

2.1 

4.4 

3.5 

1222S 

03-2852 

F 

8 

79227 

79 

1.6 

42 

0.054 

0.083 

2.0 

3.1 

2.9 

1217A 

01-2844 

N 

A 

79221 

94 

4.8 

43 

0.052 

0.25 

1.9 

9.3 

6.1 

1387A 

02-3442 

M 

X 

82351 

88 

4.5 

44 

0.053 

0.24 

2.0 

8.9 

5.2 

13873 

03-3442 

F 

L 

82351 

88 

3.0 

45 

0.047 

0,14 

1.7 

5.2 

4.1 

1384A 

02-3416 

H 

K 

82236 

82 

3.7 

46 

0.043 

0,16 

1.6 

5.9 

4.4 

13823 

01-3416 

F 

L 

82286 

92 

4.1 

47 

0.039 

0.16 

1.4 

5.9 

4.8 

1338T 

02-3132 

F 

F 

81239 

84 

2.5 

48 

0.039 

0.095 

1.4 

3.5 

3.3 

13348 

01-3126 

N 

C 

81231 

95 

3.1 

49 

0.035 

0.11 

1.3 

4.1 

2.6 

ATiVE  ALPHA  RAOIATICH  OCSE  <GY) 


0  9-10-91 

TO  DEATH 

DAYS 

use 

WBC 

REC. 

DEATH 

TO  9-30  TO 

LUHG 

LUNG 

LUNG 

DATE 

1991  DEATH  COMMENT 

13. 

87014 

1909 

£-CARClNOMA,LUNG 

84. 

83012 

1937 

E- CARCINOMA, LUNG 

24. 

37103 

1663 

0- CARCINOMA, LUNG 

0.62 

81271 

46 

d-parvov:rus  infection 

36, 

86311 

1506 

E- CARCINOMA, LUNG 

18. 

S6316 

1352 

D- CARCINOMA, LUNG 

17. 

86210 

1580 

E- CARCINOMA, LUNG 

36. 

86051 

1422 

0- PNEUMONIT  IS;  CARCINOMA, LUNG 

16. 

86010 

1611 

O-PHEUMONirtS;  CASCi NOMA, LUNG 

24. 

15. 

86169 

3679 

1386 

E-PNELiMONITIS;  CARCINCMA, LUNG 

15. 

87210 

1947 

£- CARCINOMA, LUNG 

15. 

87053 

1925 

£-CARCINCMA,LUNG 

3.3 

8.7 

86322 

3478 

1852 

E-ACCIDENTAL  DEATH 

22. 

84102 

1700 

E-RAO.  PNE(ifl.;8./..  CARCINOMA, LUNG 

19. 

88166 

2496 

E- CARCINOMA, LUNG 

18. 

7,0 

34253 

3135 

739 

O-HEHORRHACIC  ENTERITIS 

13. 

3687 

18. 

17. 

85354 

3687 

2326 

E-CARCINOMA, LUNG 

15. 

B9249 

2717 

E-PULMCNARY  carcinoma, MULTIPLE 

17, 

91235 

3649 

e- CARCINOMA, LUNG 

10. 

87316 

3017 

E- CARCINOMA, LUNG 

14. 

87239 

1981 

E- carcinoma,  LUNG 

12, 

S9083 

2294 

E-ACENOSOUAMOUS  CARCINOMA, LUNG 

It. 

88200 

2307 

E-CARCINCMA,LUNG 

9.4 

80251 

2218 

0-PN£iJ«ONIII3/rI3POS!S;  CA.RC.,LUNG 

8.2 

3336 

8.4 

6.6 

88286 

3273 

2190 

E-AGTSOCYTCMA, BRAIN 

10, 

87073 

2773 

£ -carcinoma,  LUNG 

5.5 

3337 

6.1 

9.5 

91036 

3686 

3514 

E-CARCINCMA,LUNG 

6.0 

3337 

6.9 

5,4 

87301 

3477 

2995 

E- carcinoma, LUNG 

6.2 

3477 

3,5 

3694 

2.9 

6.1 

91023 

W29 

4185 

o-carcinoma.lung  ■ 

5.2 

90058 

2629 

E-aoenoca.rcincma,  lung 

4.1 

3209 

4.4 

3274 

4.8 

3274 

3.3 

3.636 

2.6 

3694 

!69 


"PuOj  Monodisperse  Aerosol  (1.5  /im  AMAD),  Immature  Longevity  Study  (continued) 


CUMULATIVE  At 


IMHALAIlOH  EXPOSURE  TO  9-30-S 


DOG  IDENTIFICATION  . . . . 

ILS  (WBC) 

ILB  (R) 

TATTOO  AN-EXPT  SEX  BLOCK  DATE  OAYS 

KG  RANK 

UCI/KG  U'CI  KBC/KG 

KBQ  KSQ 

LUNG 

13678 

01-3320 

M 

I 

82097 

95 

4.7 

50 

0.030 

0.14 

1.1 

5.2 

3.4 

1368T 

02-3320 

F 

J 

82097 

88 

2.7 

51 

0.026 

0.070 

0.96 

2.6 

12158 

03-2842 

H 

A 

79220 

100 

4.6 

52 

0.024 

0.11 

0.89 

4.1  11. 

1331C 

02-3124 

M 

C 

81226 

98 

4.0 

53 

0.024 

0.093 

0.89 

3.4  12. 

1341S 

02-3140 

f 

F 

81246 

84 

2.6 

54 

0.024 

0.062 

0.89 

2.3 

2.4 

12200 

02-2842 

M 

A 

79220 

83 

2.2 

55 

0.023 

0.050 

0.85 

1.9 

1.5 

1320S 

01-3068 

F 

0 

81123 

90 

3.8 

56 

0.021 

0.080 

0.78 

3.0 

2.4 

1320A 

01-3066 

M 

C 

81127 

89 

4.6 

57 

0.020 

0.093 

0.74 

3.4  43. 

1320C 

02-3066 

H 

C 

81127 

89 

4.1 

58 

0.020 

o.cao 

0.74 

3.0 

1220S 

02-2848 

F 

S 

79226 

89 

3.4 

59 

0.018 

0.059 

0.67 

2.2 

1.9 

1362S 

02-3300 

F 

H 

82082 

99 

3.8 

60 

0.017 

0.063 

0.63 

2.3 

2.0 

13S1B 

03-3414 

H 

K 

822S8 

99 

5.3 

61 

0.015 

0.078 

0.55 

2.9 

1.8 

1381T 

04-3414 

F 

L 

82238 

99 

4.4 

62 

0.015 

0.065 

0.55 

2.4 

1.6 

1373U 

03-3384 

F 

J 

82222 

100 

4.0 

63 

0.014 

0.054 

0.52 

2.0 

1374A 

02-3384 

M 

I 

82222 

94 

3.0 

64 

0.014 

0.043 

0.52 

1.6 

1.1 

1340A 

01-3138 

M 

E 

81245 

83 

3.8 

65 

0.013 

0.049 

0.48 

1.8 

1.2 

1221T 

01-2854 

F 

8 

79234 

95 

1.8 

66 

0.013 

0.023 

0.48 

0.85 

0.87 

1373T 

01-3384 

F 

H 

82222 

100 

4.2 

67 

0.012 

0.051 

0.44 

1.9 

1.4 

1335A 

01-3128 

H 

C 

81232 

83 

3.4 

68 

0.0094 

0.032 

0.35 

1.2 

0.80 

1318B 

01-3054 

H 

C 

81100 

96 

3.5 

69 

0.0064 

0.022 

0.24 

0.81 

0.58 

1352C 

01-3222 

M 

G 

8 ’338 

97 

4.0 

70 

0.0063 

0.025 

0.23 

0.92 

0.59 

1340S 

02-3138 

F 

F 

81245 

83 

2.6 

71 

0.0058 

0.015 

0.21 

0.55 

0.45 

1221C 

03-2340 

H 

A 

79219 

80 

2.4 

72 

0.0054 

0.013 

0.20 

0.48  5.2 

1334S 

03-3126 

F 

F 

81231 

92 

3.7 

73 

0.0049 

0.018 

0.18 

0.67 

0.63 

1377B 

01-3398 

M 

I 

82244 

100 

4.4 

74 

0.0045 

0.020 

0.17 

0.74 

0.49 

1357S 

02-3228 

F 

H 

8c008 

96 

3.2 

75 

0.0034 

0.011 

0.13 

0.41 

1378S 

02-3393 

F 

J 

82244 

97 

4.2 

76 

0.0029 

0.012 

0.11 

0.44 

0.30 

1386A 

01-3432 

H 

K 

82323 

94 

4.3 

77 

0.0026 

0.011 

0.096 

0.41 

0.28 

1386S 

02-3432 

F 

L 

82323 

94 

3.5 

78 

0.0025 

0.0088 

0.093 

0.33 

0.31 

13578 

01-3228 

M 

G 

82008 

96 

4.4 

79 

0.0025 

0.011 

0.093 

0.41 

0.31 

1342A 

01-3160 

M 

E 

81265 

97 

3.3 

80 

0.0021 

0.0070 

0.078 

0.26 

0.20 

1223S 

03-2843 

F 

B 

79226 

78 

2.7 

81 

0.0021 

0.0057 

0.078 

0.21 

0.14 

1217C 

02-2840 

H 

A 

79219 

92 

4.4 

82 

0.0012 

0.0051 

0.044 

0.19 

0.14 

12143 

01-2840 

H 

A 

79219 

100 

6.0 

83 

0.00095 

0.0057 

0.035 

0.21 

0.11 

1335T 

02-3128 

F 

0 

31232 

83 

2.9 

84 

0.00093 

0.0027 

0,034 

0.10 

0.076 

1381S 

02-3414 

F 

L 

82283 

99 

3.9 

85 

0.00082 

0.0032 

0.030 

0,12 

0.084 

1381A 

01-3414 

M 

K 

82288 

99 

5.7 

86 

0.00060 

0.0034 

0.022 

0.13 

0.073 

13398 

01-3134 

M 

E 

81243 

86 

3.0 

87 

0.00058 

0.0017 

0.021 

0.063 

0.043 

1317U 

02-3052 

F 

0 

81099 

99 

3.6 

68 

0.00056 

0.0020 

0.021 

0.074 

1319S 

03-3052 

r 

0 

81009 

94 

4.T 

89 

0.00054 

0.0022 

0.020 

0.081 

0.060 

1333A 

01-3224 

M 

C 

81356 

91 

5.0 

90 

0.00040 

0.0020 

0.015 

0.074 

0.046 

1317A 

01-3052 

M 

C 

81099 

93 

3.9 

91 

0.00036 

0.0014 

0.013 

0.052 

1367A 

01-3316 

H 

1 

82092 

90 

4.8 

92 

0.00035 

0.0017 

0.013 

0.063 

1355T 

02-3224 

F 

H 

81356 

91 

4.1 

93 

0.00032 

0.0013 

0.012 

0,048 

0.031 

1338S 

02-3134 

F 

F 

81243 

88 

2.8 

94 

0.00031 

0.00085 

0.011 

0.031 

0.026 

1217T 

01-2848 

F 

S 

79226 

99 

5.0 

95 

0.00030 

0.0015 

0.011 

0.056 

0.050 

1368S 

02-3316 

F 

J 

82092 

S3 

3.0 

96 

0.00025 

0.00076 

0.0093 

0.023 

0.023 

12168 

02-2857 

H 

A 

79228 

103 

5.2 

C 

1223T 

01-2875 

F 

S 

79240 

92 

2.8 

C 

1317S 

01-3055 

F 

0 

81100 

99 

3.3 

C 

13180 

02-3055 

M 

c 

81100 

96 

4.2 

C 

1342T 

01-3162 

F 

F 

81268 

100 

3.1 

C 

1345A 

01-3163 

M 

E 

81272 

83 

3.5 

c 

1353A 

01-3223 

M 

G 

81342 

97 

2.5 

c 

1358S 

01-3264 

F 

H 

82020 

101 

3.5 

c 

13680 

01-3318 

M 

I 

82097 

88 

3.7 

c 

1376U 

01-3388 

F 

J 

82225 

89 

2.7 

c 

1380U 

02-3410 

F 

L 

82267 

97 

3.5 

c 

13868 

01-3433 

H 

K 

82326 

97 

4.1 

c 

UCI/XG  REPRESENTS  MICROaiilES  OF  RAOIOMUCLIOE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

KBQ/KG  REPRESENTS  XUCBEOUF.RELS  OF  RAOtONUCLIOE  PER  KILOGRAM  OF  TOTAL  SCOT  WEIGHT. 

DOSE  RATE  AMO  CUMULATIVE  DOSE  ARE  PRESENTED  AS  fUNCTICMS  OF  TIME  IN  DAYS  AFTER  INHALATION  EXPOSURE. 
COMMENT:  0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED  RESPECTIVELY.  PROMINENT  FIND- 
<I)  SIGNIFIES  AM  INCIDENTAL  FINDING  WHICH  WAS  MOT  IMMEDIATELY  LIFE-THEATENING. 

CAUTION:  THE  RECONSTRUCTED  INITIAL  LUNG  BURDENS,  DENOTED  BY  (R)  AND  <REC)  IN  THIS  TABLE  HAY  BE  TOO  HIGH  BECAU 
THIS  MAY  LEAD  TO  CALCULATED  ORGAN  DOSES  THAT  ARE  TOO  HIGH.  THIS  PROBLEM  IS  ESPECIALLY  IMPORTANT  r< 


-•ontinued) 


CUMULATIVE  ALPHA 

RADIATION  DOSE  (GY) 

TO  9-30-91 

TO  DEATH 

DAYS 

ILB  (R) 

use 

WBC  REC. 

DEATH 

TO  9-30 

TO 

KBQ 

XBQ 

LUNG 

LUNG  LUNG 

CATE 

1991 

DEATH 

COMMENT 

5.2 

3.4 

3463 

2.6 

2.2 

90277 

3102 

O-CONGESTIVE  HEART  FAILURE 

4.1 

11. 

4.9 

83317 

1558 

O-HEMORRHAGIC  ENTERITIS 

3.4 

12. 

4.2 

83246 

750 

O-HEMOLYTIC  ANEMIA 

2.3 

2.4 

3679 

1.9 

1.5 

4436 

3.0 

2.4 

3797 

3.4 

43. 

23. 

86135 

1834 

E-CARCINOMA, LUNG 

3.0 

1.7 

87209 

2273 

E-CARCINCMA,LUNG 

2.2 

1.9 

4430 

2.3 

2.0 

3478 

2.9 

1.8 

3272 

2.4 

1.6 

3272 

2.0 

1.5 

90159 

2859 

D-HISTIOCYTIC  SARCOMA;  ADENOCARCINOMA,  LUNG 

1.6 

1.1 

3338 

1.8 

1.2 

3680 

D.85 

0.87 

4422 

1.9 

1.4 

3338 

1.2 

0.80 

3693 

0.31 

0.58 

3325 

0.92 

0.59 

3587 

0.55 

0.45 

3680 

0.48 

5.2 

2.1 

81332 

844 

D-EPILEPSY 

0.67 

0.63 

3694 

0.74 

0.49 

3316 

0.41 

0.12 

83131 

438 

E-UNOETERMINEO 

0.44 

0.30 

3316 

0.41 

0.23 

3237 

0.33 

0.31 

3237 

0.41 

0.31 

3552 

0.26 

0.20 

3660 

0.21 

0.14 

4430 

0.19 

0.14 

4437 

0.21 

0.11 

4437 

0.10 

0.076 

3693 

0.12 

0.084 

3272 

0.13 

0.073 

3272 

0.063 

0.043 

3682 

0.074 

0.058 

91017 

3570 

E- CARCINOMA, NASAL  CAVITY;CARCINCMA,LUMG 

0.081 

0.060 

3826 

0.074 

0.046 

3569 

0.052 

0.030 

86105 

1832 

E-NEURCFIBROSARCCMA.PERITONIUM 

0.063 

0.038 

91004 

3199 

E-FIBROSARCOMA, LIVER 

0.048 

0.031 

3569 

0.031 

0,026 

3682 

0.056 

0.050 

4430 

0.023 

0.023 

3468 

80113 

250 

D'ACUTE  PULMONARY  EDEMA 

4416 

3825 

3825 

3657 

3653 

3583 

3540 

3463 

3355 

3293 

3234 


:ht. 

ncHT. 

;R  INHALATION  EXPOSUSE. 

’ESPECTIVELY.  PROMINENT  FINDINGS  ARE  IMCLL'OEO. 

TATSNING. 

IS  TABLE  HAY  BE  TOO  HIGH  BECAUSE  OF  CURRENT  ANALYTICAL  RADIOCHEHICAL  PROBLEMS. 
-EH  IS  ESPECIALLY  IMPORTANT  FOR  DOGS  IN  THE  LCN.-ER  EXPOSURE  LEVELS. 
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A.23  ^^®Pu02  Monodisperse  Aerosol  (1.5  ;im  AMAD),  Aged  Longevity  Study 


CUMULATIVE  ALPHA  RAOIATIOI 

INHALATION  EXPOSURE  TO  DEATH 


DOG  IDE 

:ntificati 

:oM 

BLOCK 

DATE 

AGE 

DATS 

WT 

KG 

I  LB  (W 

8C) 

IL8  (R) 

W8C 

LUNG 

TATTOO 

AN-EXPT 

SEX 

RANK 

UCI/KG 

UCl 

KSQ/KG 

KBQ 

KBQ 

412C 

02-2754 

M 

C 

79101 

3520 

10.8 

01 

0.66 

7.1 

24. 

260. 

35, 

503A 

01-2878 

H 

E 

79282 

3256 

12.9 

02 

0.53 

6.9 

20. 

260. 

280 

4S2S 

02-2878 

F 

H 

79282 

3352 

9.5 

03 

0.57 

5.4 

21. 

200. 

220 

606T 

01-2954 

F 

L 

80176 

3068 

9.8 

04 

0.52 

5.1 

19. 

190. 

96 

3BSB 

01-2760 

H 

A 

79115 

3649 

11.7 

05 

0.39 

4.6 

14. 

170. 

33. 

637T 

02-2954 

F 

L 

80176 

2942 

9.8 

06 

0.40 

3.9 

15. 

140. 

120 

450S 

04-2812 

F 

F 

79144 

3382 

10.9 

07 

0.34 

3.7 

13. 

140. 

230 

637A 

02-3344 

H 

I 

82169 

3666 

11.7 

08 

0.32 

3.8 

12. 

140. 

340 

363T 

01-2754 

F 

0 

79101 

3760 

9.7 

09 

0.29 

2.8 

11. 

100. 

110 

351C 

03-2752 

H 

C 

79100 

3784 

10.4 

10 

0.26 

2.7 

9.6 

100. 

93 

7290 

01-3348 

H 

K 

82182 

3304 

8.8 

11 

0.24 

2.1 

8.9 

78. 

250 

519U 

02-2928 

F 

J 

80045 

3295 

11.0 

12 

0.23 

2.5 

8.5 

93. 

93 

693A 

01-3344 

M 

G 

82169 

3443 

10.8 

13 

0.23 

2.5 

8.5 

93. 

260 

492T 

01-2880 

F 

H 

79283 

3317 

9.8 

14 

0.22 

2.3 

8.1 

85. 

74 

389A 

02-2812 

M 

A 

79144 

3665 

12.9 

IS 

0.19 

2.4 

7.0 

89. 

120 

360U 

03-2812 

F 

8 

79144 

3812 

9.9 

16 

0.17 

1.7 

6.3 

63. 

4.6 

590S 

01-2928 

F 

J 

80045 

3022 

8.1 

17 

0.17 

1.4 

6.3 

52. 

41 

365S 

03-2756 

F 

0 

79102 

375  7 

10.6 

18 

0.16 

1.7 

5.9 

63. 

100 

424T 

01-2812 

F 

F 

79144 

3480 

11.2 

19 

0.15 

1.7 

5.6 

63. 

100 

483S 

03-2880 

F 

H 

79283 

3344 

11.9 

20 

0.14 

1.7 

5.2 

63. 

13. 

378S 

03-2758 

F 

B 

79114 

3687 

12.1 

21 

0.13 

1.6 

4.8 

59. 

63 

343U 

02-2756 

F 

0 

79102 

3826 

11.6 

22 

0.13 

1.5 

4.8 

56. 

7.6 

7238 

01-3342 

M 

G 

82167 

3301 

9.9 

23 

0.12 

1.2 

4.4 

44. 

16i 

638A 

03-3342 

H 

K 

82167 

3661 

9.5 

24 

0.12 

1.1 

4.4 

41, 

200 

6828 

02-3342 

H 

I 

82167 

3482 

11.0 

25 

0.10 

1.1 

3.7 

41. 

170 

480T 

C2-2814 

F 

F 

79145 

3215 

8.8 

26 

0.11 

0.98 

4.1 

36. 

56 

5038 

03-2878 

M 

E 

79282 

3256 

12.9 

27 

0.10 

1.3 

3.7 

48. 

59 

346S 

02-2758 

F 

B 

79114 

3829 

11.7 

28 

0.10 

1.2 

3.7 

44. 

52 

627S 

01-2956 

F 

L 

80177 

2973 

8.8 

29 

0.10 

0.87 

3.7 

32. 

17. 

466A 

02-2880 

H 

E 

79283 

3411 

10.4 

30 

0.092 

0.96 

3.4 

36. 

36 

3590 

02-2752 

M 

C 

79100 

2768 

7.8 

31 

0.083 

0.65 

3.1 

24. 

23 

3878 

03-2814 

M 

A 

79145 

3676 

11.6 

32 

0.075 

0.87 

2.8 

32. 

56 

375T 

01-2756 

F 

0 

79102 

3679 

10.6 

33 

0.073 

0.78 

2.7 

29. 

37 

595T 

01-2930 

F 

J 

80042 

3154 

9.9 

34 

0.066 

0.65 

2.4 

24. 

32 

6928 

03-3340 

M 

K 

82166 

3443 

8.2 

35 

0.068 

0.56 

2.5 

21. 

41 

7858 

02-3340 

M 

I 

82166 

2986 

9.1 

36 

0.066 

0.60 

2.4 

22. 

41 

6810 

01-3340 

H 

G 

82166 

3486 

10.1 

37 

0.062 

0.63 

2.3 

23. 

110 

378C 

01-2752 

H 

C 

79100 

3673 

10.8 

38 

0.047 

0.51 

1.7 

19. 

27 

370S 

01-2758 

F 

B 

79114 

3710 

8.1 

39 

0.048 

0.39 

1.8 

14. 

7.0 

639S 

02-2956 

F 

L 

80177 

2935 

13.4 

40 

0.032 

0.43 

1.2 

16. 

7.6 

536S 

02-2930 

F 

J 

80046 

3263 

11.7 

41 

0.034 

0,40 

1.3 

IS. 

21 

71 9A 

04-3342 

M 

K 

82137 

3321 

12.5 

42 

0.027 

0.34 

1.0 

13. 

31 

467S 

01-2814 

F 

F 

79145 

3265 

12.3 

43 

0.024 

0.30 

0.69 

11. 

35 

484A 

01-2882 

H 

E 

79284 

3345 

11.5 

44 

0.026 

0.30 

0.96 

11. 

29 

7198 

01-3338 

H 

G 

82162 

3316 

10.5 

45 

0.022 

0.23 

0.81 

8.5 

27 

3468 

01-2762 

M 

A 

79116 

3831 

12.7 

46 

0.024 

0.31 

0.89 

11. 

19 

477S 

02-2882 

F 

K 

79284 

3363 

12.0 

47 

0.023 

0.26 

0.85 

10. 

4.5 

7318 

02-3338 

H 

I 

82162 

3272 

6.7 

48 

0.013 

0.09 

0.48 

3.3 

2.9 

361 S 

02-2765 

F 

0 

79099 

3357 

12.7 

c 

367A 

01-2765 

H 

C 

79099 

3729 

11.9 

C 

373S 

01-2757 

F 

B 

79113 

3694 

7.5 

C 

398C 

02-2757 

M 

A 

79113 

3575 

12.6 

c 

459U 

01-2815 

F 

F 

79149 

3319 

10.5 

c 

495S 

02-2884 

F 

H 

79285 

3292 

10.1 

c 

510A 

01-2884 

M 

E 

79285 

3208 

9.5 

c 

564T 

01-2932 

F 

J 

80046 

3154 

9.9 

c 

625  S 

01-2952 

F 

L 

80177 

2977 

9.9 

c 

655B 

02-3346 

H 

I 

82168 

3621 

8.9 

c 

713A 

01-3346 

M 

G 

82163 

3370 

10.4 

c 

7S5A 

03-3346 

H 

K 

82168 

3002 

8.3 

c 

**«**«*-***-*«*4«4*-**«*«*4-* 


UCI/XG  REPRESENTS  MICROCURIES  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT. 

KBQ/KG  REPRESENTS  KILOBEQUERELS  OF  RADIONUCLIDE  PER  KILOGRAM  OF  TOTAL  BOOT  WEIGHT, 

DOSE  RATE  AND  CUMULATIVE  DOSE  ARE  PRESENTED  AS  FUNCTIONS  OF  TIME  IN  OATS  AFTER  INHALATION  EXPOSURE. 

COMMENT:  D,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED  RESPE.CTIVELT.  PROMINENT  FINDINGS  ARE  INI 
(I)  SIGNIFIES  AM  INCIDENTAL  FINDING  WHICH  WAS  NOT  IMMEDIATELT  LIFE-THEATENING. 

CAUTION:  THE  RECONSTRUCTED  INITIAL  LUNG  BURDENS,  DENOTED  BT  (R)  AND  (REC)  IN  THIS  TABLE  MAT  BE  TOO  HIGH  BECAUSE  OF  CURREN 
THIS  HAT  LEAD  TO  CALCULATED  ORGAN  DOSES  THAT  ARE  TOO  HIGH.  THIS  PROBLEM  IS  ESPECiALLT  IMPORTANT  FOR  DOGS  IN  1 


( 


CUMULATIVE  ALPHA  RADIATION  DOSE  (GY) 
TO  DEATH 


UGC 

REC. 

DEATH 

DAYS  TO 

LUNG 

LUNG 

DATE 

DEATH 

COMMENT 

35. 

80033 

297 

O-PNEUHONITIS 

23. 

80121 

204 

0-PLEURITIS  (NOCARDIA  SP.) 

51. 

81057 

506 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

7.5 

80317 

141 

E-CARCINOHA,  MAMMARY  GLAND 

33. 

80270 

520 

0- PNEUMONITIS 

35. 

82126 

681 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

29. 

80059 

280 

E- PNEUMONITIS 

24. 

82321 

152 

O-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

12. 

79309 

208 

O-PNEUMONITIS 

26. 

81100 

731 

0- PULMONARY  FIBROSIS 

28. 

83007 

190 

E-LYMPHOSARCOMA-LIVER 

26. 

82116 

802 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

20. 

82316 

147 

E-PNEUHONITIS  AND  PULMONARY  FIBROSIS 

20. 

81199 

647 

O-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

21. 

80271 

E -PNEUMONITIS 

A. 6 

79273 

129 

D-PNEUMONITIS 

18. 

82322 

1008 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

21. 

80234 

497 

D-PNEUHONITIS 

23. 

80358 

579 

E-PNEUMONITIS  ANO  PULMONARY  FIBROSIS 

13. 

31153 

601 

E-PNEuMONITIS  ANO  PULMONARY  FIBROSIS 

19. 

82012 

994 

O-PERIIONITIS 

7.4 

80070 

333 

D-PNEUMONITIS 

32. 

83259 

457 

E-PNEUHONITIS  AND  PULMONARY  FIBROSIS 

23. 

83014 

212 

D-PNEUMONITIS  ANO  PULMONARY  FIBROSIS 

14. 

82334 

167 

0-PNEUMCNITIS  AND  PULMONARY  FIBROSIS 

21. 

81350 

936 

O-LYHPHCSARCCMA-OUCOENUH 

16. 

82113 

927 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

16. 

81361 

978 

O-PNEUMONITIS  ANO  PULMONARY  FIBROSIS 

17. 

84125 

1409 

E-PNEUMONITIS  AMO  PULMONARY  FIBROSIS 

15. 

83080 

1258 

E-PNEUHONITIS  ANO  PULMONARY  FIBROSIS 

17. 

83105 

1466 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

18. 

82061 

1012 

0- CARO  I AC  FAILURE 

12. 

81249 

878 

E-PNEUHONITIS  ANO  PULMONARY  FIBROSIS 

13. 

C3067 

1117 

E-PNEUMCNITIS  ANO  PULMONARY  FIBROSIS 

23. 

8o184 

1479 

0- ISLET  CELL  CARCINOMA, PANCREAS 

22. 

862S6 

1581 

E-PNEUH.  AND  PUL.  FIBROSIS, -PUL.  CARC. 

24. 

83291 

490 

E-PNEUHONITIS  ANO  PULMONARY  FIBROSIS 

14. 

84166 

1892 

E-PNEUTI.  ANO  PUL.  FIBROSIS;PUL.  CARC. 

7.0 

82123 

1105 

O-ACCIOENTAL  DEATH 

7.6 

88096 

2841 

E- CARC I  NOMA, LUNG 

8.2 

83290 

1340 

E-CARCINOMA, TONSIL 

13. 

87149 

1808 

E-PNEUH.  AND  PUL.  FIBROSIS,-PUL.  CARC. 

16. 

84316 

1997 

D- THROMBOSIS, LUNG 

14. 

85081 

1989 

E-PNEUH.  AND  PUL.  FI  BROS  IS;  PUL.  CARC. 

10. 

85179 

1113 

E-LIVER, DEGENERATION 

1.9 

80004 

253 

E-HALIGHANT  HELA.^IOHJV 

4.5 

84279 

1821 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

2.9 

88153 

2182 

E-VISCERAL  LYMPHOSARCOMA 

85087 

2176 

E- CAR Cl  NOMA. MOUTH 

85358 

2447 

E - ADENCCARC I NCMA , LUNG 

83327 

1675 

E-ADENOCARCINCMA, MAMMARY 

83031 

1379 

E-TOHSIL  SQUAMOUS  CELL  CARCINOMA 

82342 

1289 

0-CARCINCMA, KIDNEY 

81139 

585 

D-ACCIDcNTAL  DEATH 

85225 

2132 

0  - BRONCHOPNELMON I A , LUNG 

85141 

1922 

E-MELONCMA, MOUTH 

86352 

2369 

D-CCNGESTIVE  HEAR.'  FAILURE 

85012 

926 

O-CHEMOOECTOMA, MALIGNANT 

87051 

1695 

E-NEPHRITIS, KIDNEY 

88090 

2099 

E-CARCINCMA, BLADDER 

EXPOSURE. 

PRCMIHENT  FIHOIHGS  ARE  INCLUDED. 

E  TOO  HIGH  BECAUSE  OF  CURRENT  ANALYTICAL  RADIOCHEMICAL  PROBLEMS. 
LLY  IMPORTANT  FOR  DOGS  IN  THE  LOWER  EXPOSURE  LEVELS. 


A.24  ^^®Pu02  Monodisperse  Aerosol  (0.75  ;<m  AMAD),  Repeated  Exposure  Study 


INHAIATIOH  FIRST  EXPOSURE  HAXIHUM  A 

OOG  lOEHTIFICATIOM  EXPOSURE  .  TLB  (WBO)  ALPHA  DO. 


TATTOO 

AN-EXPT 

SEX 

GRCXJP 

BLOCX 

DATE 

AGE 

DAYS 

WT 

KG 

NCI /KG 

NCI 

KBO/KG 

KBQ 

NUMBER  OF 
EXPOSURES 

DOSE  RATE 
GY/DAY 

1028 A 

01-2244 

H 

I 

A 

77229 

433 

11.1 

14 

150 

0.52 

5.6 

1 

.0032 

1036 A 

02-2244 

H 

I 

C 

77229 

406 

11.7 

7 

80 

0.26 

3.0 

1 

.0016 

1025A 

03-2244 

M 

I 

C 

77229 

437 

12.0 

16 

190 

0.59 

7.0 

1 

.0038 

10288 

04-2244 

M 

I 

A 

77229 

433 

9.0 

9 

80 

0.33 

3.0 

1 

.0021 

1044U 

01-2266 

F 

I 

8 

77243 

379 

7.7 

12 

90 

0.44 

3.3 

1 

.0028 

10508 

02-2266 

M 

I 

E 

77243 

368 

10.8 

17 

180 

0.63 

6.7 

1 

.0040 

1040S 

03-2266 

F 

I 

8 

77243 

395 

8.8 

10 

90 

0.37 

3.3 

1 

.0025 

1050A 

04-2266 

H 

I 

E 

mt,^ 

368 

11.2 

10 

110 

0.37 

4.1 

1 

.0024 

1055U 

01-2292 

F 

I 

0 

77271 

387 

8.1 

19 

150 

0.70 

5.6 

1 

.0044 

1050S 

02-2292 

F 

t 

0 

77271 

396 

9.4 

15 

140 

0.56 

5.2 

1 

.0036 

10518 

03-2292 

H 

I 

G 

77271 

395 

11.3 

13 

150 

0.48 

5.6 

1 

.0032 

10588 

04-2292 

M 

I 

G 

77271 

369 

10.0 

15 

150 

0.56 

5.6 

1 

.0036 

1061A 

01-2318 

H 

I 

1 

77291 

371 

10.3 

20 

210 

0.74 

7.8 

1 

.0049 

1060S 

02-2318 

F 

I 

F 

77291 

384 

10.3 

17 

.170 

0.63 

6.3 

1 

.0040 

1055T 

03-2318 

F 

I 

F 

77291 

407 

9.9 

17 

170 

0.63 

6.3 

1 

.0041 

10608 

04-2318 

H 

I 

I 

77291 

384 

9.9 

13 

130 

0.48 

4.8 

1 

.0031 

1063C 

01-2348 

H 

I 

K 

77312 

390 

9.1 

12 

110 

0.44 

4,1 

1 

.0029 

10678 

02-2348 

H 

I 

K 

77312 

371 

8.4 

'2 

100 

0.44 

3.7 

1 

.0029 

1061T 

03-2343 

F 

I 

H 

77312 

392 

8.5 

25 

210 

0.93 

7.8 

1 

.0059 

1062S 

04-2348 

F 

I 

H 

77312 

391 

8.9 

19 

170 

0.70 

6.3 

1 

.0046 

1077U 

01-2388 

F 

I 

L 

78010 

405 

7.9 

33 

260 

1.2 

9.6 

1 

.0079 

1077V 

02-2388 

F 

J 

78010 

405 

8.0 

26 

210 

0.96 

7.8 

1 

.0063 

1073T 

03-2388 

F 

1 

L 

78010 

417 

8.4 

70 

590 

2.6 

22. 

1 

.017 

1077S 

04-2388 

F 

I 

J 

78010 

405 

8.4 

25 

210 

0.93 

7.8 

1 

.0060 

1027C 

03-2246 

H 

tl 

A 

77230 

435 

12.4 

130 

1500 

5.0 

54. 

10 

.018 

1040C 

04-2246 

H 

tl 

c 

77230 

382 

10.1 

120 

1300 

4.4 

47. 

9 

.018 

1036S 

01-2268 

F 

II 

8 

77244 

421 

9.6 

120 

1200 

4.3 

46. 

9 

.016 

1045D 

02-2268 

M 

II 

E 

77244 

379 

10.6 

140 

1500 

5.0 

55. 

10 

.018 

1055U 

01-2294 

F 

II 

0 

77272 

388 

8.6 

130 

1200 

4.7 

43. 

10 

.018 

10510 

03-2294 

H 

II 

G 

77272 

396 

10.7 

120 

1200 

4.3 

46. 

9 

.017 

10628 

01-2320 

H 

II 

I 

77292 

371 

12.3 

150 

2000 

5.6 

75. 

10 

.021 

10A9S 

03-2320 

F 

II 

F 

77292 

419 

9.8 

110 

1200 

4.1 

45. 

8 

.017 

1061S 

01-2350 

F 

II 

H 

77313 

393 

•8.4 

180 

1600 

6.8 

58. 

9 

.027 

1064  A 

02-2350 

H 

II 

tc 

77313 

391 

10.3 

150 

1500 

5.4 

54. 

9 

.021 

1070S 

01-2390 

F 

II 

L 

78011 

421 

8.2 

140 

1300 

5.3 

49. 

10 

.023 

1069S 

04-2390 

F 

II 

J 

78011 

424 

10.2 

180 

1800 

6.7 

67. 

9 

.028 

10378 

01-2248 

H 

III 

C 

77231 

397 

9.7 

23 

240 

0.85 

8.9 

20 

.0027 

102SB 

02-2248 

H 

III 

A 

77231 

439 

10.7 

21 

220 

0.78 

8.3 

18 

.0024 

1027B 

03-2248 

H 

III 

A 

77231 

436 

10.9 

13 

160 

0.48 

6.0 

12 

.0017 

1035 A 

04-2248 

H 

III 

C 

77231 

410 

8.5 

24 

210 

0.89 

7.9 

19 

.0026 

10418 

01-2272 

H 

III 

E 

77245 

384 

9.6 

24 

240 

0.89 

8.9 

19 

.0026 

10468 

02-2272 

M 

III 

E 

77245 

378 

7.2 

25 

200 

0.93 

7.5 

16 

.0027 

1035U 

03-2272 

F 

III 

8 

77245 

424 

7.4 

24 

180 

0.89 

6.8 

16 

.0029 

1029U 

04-2272 

F 

HI 

8 

77245 

446 

8.4 

27 

220 

1.0 

8.1 

18 

.0030 

10548 

01-2296 

M 

III 

G 

77273 

392 

9.6 

24 

260 

0.89 

9.6 

17 

.0026 

1057A 

02-2296 

H 

III 

G 

77273 

371 

10.1 

30 

330 

1.1 

12. 

20 

.0030 

1046T 

03-2296 

F 

III 

0 

77273 

4C6 

7.3 

11 

85 

0.41 

3.1 

2 

.0024 

1051S 

04-2296 

F 

III- 

0 

77273 

397 

9.0 

34 

330 

1.3 

12. 

19 

.CC35 

1051A 

01-2322 

H 

III 

I 

77293 

417 

11.7 

26 

300 

0.96 

11. 

18 

.0027 

CUHLILATIVE 


BER  OF 
OSURES 

MAXIMUM 
ALPHA 
DOSE  RATE 
CY/OAY 

ALPHA  RAOIATIOM 
OOSE  TO  LUNG  (GY) 

TO  9-30-91  TO  DEATH 

DEATH 

DATE 

DAYS  FROM  FIRST 
EXPOSURE  TO 

9-30-91  DEATH 

COMMENT 

1 

.0032 

5.9 

88284 

4072 

E-DISSEMINATEO  SARCOMA 

1 

.0016 

2.9 

88083 

3871 

E-PAPILLARY  ADENOCARCINOMA,  LUNG 

1 

.0038 

6.3 

87189 

3612 

E- CARCINOMA,  LUNG 

1 

.0021 

3.6 

87317 

3740 

O-CONGESTIVE  FAILURE,  HEART 

1 

.0028 

5.6 

90290 

4795 

E- CAR Cl  NOMA, LUNG 

1 

.0040 

8.1 

90351 

4856 

e-multiple  carcinoma, lung 

1 

.0025 

2.5 

82068 

1651 

D- IMMUNE  HEMOLYTIC  ANEMIA 

1 

.0024 

4.7 

5143 

1 

.0044 

9.1 

91137 

4979 

£- CARCINOMA, LUNG 

1 

.0036 

5.9 

87183 

3564 

D-HEPATIC  OEGENERATION;CARCINOMA,LUNG 

1 

.0032 

5.5 

88063 

3809 

D-FAPILLARY  ADENOCARCIHOHA ,  LUNG 

1 

.0036 

6.8 

89236 

4348 

E-ADENOSQUAHOUS  CARCINOMA, LUNG 

1 

.0049 

7.8 

86343 

3339 

E- CARCINOMA,  LUNG 

1 

.0040 

6.4 

87105 

3466 

E-MAMMARY  GLAND  ADENOCARCINOMA 

1 

.0041 

6.8 

87197 

3558 

E-CARCINOMA,  LUNG 

1 

.0031 

4.4 

85084 

2715 

E-CARCINOMA,  LUNG 

1 

.0029 

5.1 

88196 

3901 

D-HALIGNANT  MIXED  TUMOR,  LUNG 

1 

.0029 

5.7 

5074 

1 

.0059 

9.6 

87125 

3465 

E-CARCINOMA,  LUNG 

1 

.0046 

3.5 

80247 

1030 

E-VERTESRAL  DISC  HERNIATION 

1 

.0079 

16. 

90338 

4711 

£- CARCINOMA, LUNG 

1 

.0063 

11. 

89089 

4097 

E-PAPILLARY  ADENOCARCINOMA, LUNG 

1 

.017 

15. 

83104 

1920 

E-PNEUMONITIS  AND  PUL.  FIBROSIS, -PUL.  CARC, 

1 

.0060 

9.3 

86304 

3216 

D- CAR Cl  NOMA,  LUNG 

10 

.018 

24. 

83047 

2008 

E-PNEUMCNITIS  AND  PULMONARY  FIBROSIS 

9 

.018 

17. 

82088 

1684 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

9 

.016 

16. 

82041 

1623 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

10 

.018 

22. 

82326 

1908 

D-PNELMONITIS  AND  PUL.  FIBROSIS, -PUL.  CARC. 

10 

.018 

20. 

83025 

1944 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

9 

.017 

20. 

82341 

1895 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

10 

.021 

27. 

83114 

2013 

D-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

8 

.017 

14. 

81293 

1462 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

9 

.027 

26. 

82118 

1631 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

9 

.021 

24. 

82316 

1829 

E-PNEUMONITIS  AND  PUL.  FIBROSIS;PUL.  CARC, 

10 

.023 

30. 

84194 

2374 

0-S.A.  CARC., LUNG, -OSTEOSARCCMA, MANDIBLE 

9 

.028 

31. 

83077 

1892 

D-PULHONARY  CARCINOMA 

20 

.0027 

7.1 

87222 

3643 

E-CARCINOMA,  LUNG 

18 

.0024 

6.3 

87292 

3713 

E-SOUAMCUS  CARCINOMA, LUNG 

12 

.0017 

2.5 

83165 

2125 

D-RUPTURED  GALL  BLADDER 

19 

.0026 

8.1 

89220 

4372 

E-PAPILLARY  ADENCCARCINCMA,LUNG 

19 

.0026 

6.4 

86335 

3377 

e-CARCINOHA,  LUNG 

16 

.0027 

6.1 

85356 

3033 

0-CARCINCMA, PITUITARY 

16 

.0029 

8.0 

88362 

4134 

E-TRAN3ITIONAL  CELL  CARCINOMA, BLADDER 

18 

.0030 

7.4 

87164 

3571 

E-CARCINCMA,  LUNG 

17 

.0026 

6.5 

86191 

3205 

E-ADENOCARCINOMA,LUNG 

20 

.0030 

11. 

89030 

4140 

E-PAPILLARY  ADENOCARCINCHA,LUHG 

2 

.0024 

0.86 

78272 

364 

D-ACCIOENTAL  DEATH 

19 

.0035 

10. 

87238 

3617 

E-CARCINOMA,  LUNG 

18 

.0027 

8.0 

87230 

3539 

E-CA8CIMCHA,  LUMG 

172 


A  ^^^Pu02  Monodispcrse  Aerosol  (0.75  iim  AMAD),  Repeated  Exposure  Study  (coutinued) 


CUMULATIVE 


DOG  IDENTIFICATION 

INHALATION 

EXPOSURE 

FIRST  EXPOSURE 

TLB  (WSC) 

(UMBER  OF 
EXPOSURES 

MAXIMUM 

ALPHA 

ALPHA  RAOIAT! 
DOSE  TO  LUNG  ( 

TATTOO 

AN-EXPT 

SEX 

CROUP 

BLOCK 

DATE 

DAYS 

KG 

HCi/KG 

NCI 

KBO/KG 

KBQ 

GY/OAY 

TO  9-30-91 

TO  0 

1057S 

02-2322 

F 

III 

F 

77293 

391 

8.5 

24 

210 

0.89 

7.9 

18 

.0027 

6 

10S7T 

03-2322 

F 

III 

r 

77293 

391 

9.4 

26 

230 

0.96 

8.3 

20 

.0029 

8 

10S8C 

04-2322 

H 

III 

I 

77293 

391 

10.3 

19 

210 

0.70 

7.8 

20 

,0021 

6 

10S5S 

01-2352 

s 

III 

H 

77314 

430 

8.9 

38 

350 

1.4 

13. 

19 

,0037 

11 

1066 A 

02-2332 

H 

III 

K 

77314 

378 

9.0 

32 

290 

1.2 

11. 

20 

.0031 

11 

1063B 

03-2352 

H 

III 

K 

77314 

391 

10.1 

26 

270 

0.96 

10. 

19 

,0026 

8 

1067T 

04-2352 

F 

III 

H 

77314 

373 

8.9 

32 

300 

1.2 

11. 

20 

,0031 

11 

1071S 

01-2392 

F 

III 

J 

78012 

421 

8.6 

23 

210 

0.85 

7.9 

19 

.0026 

7 

1070U 

02-2392 

F 

III 

J 

78012 

422 

9.7 

17 

170 

0.63 

6.4 

14 

.0022 

3 

1073U 

03-2392 

F 

III 

L 

78012 

419 

8.5 

22 

210 

0.81 

7.6 

12 

.0029 

4 

1078S 

04-2392 

F 

III 

L 

78012 

401 

10.2 

20 

220 

0.74 

8.0 

20 

.0024 

6 

1037A 

01-2246 

H 

S 

C 

77230 

400 

10.3 

160 

1700 

6.1 

62. 

8 

.025 

22 

1041A 

02-2246 

H 

s 

A 

77230 

369 

10.0 

54 

580 

2.0 

21. 

4 

.010 

4 

1037T 

03-2268 

F 

s 

B 

77244 

414 

8.5 

170 

1500 

6.4 

54. 

10 

.022 

26 

10A0O 

04-2268 

M 

s 

E 

77244 

396 

10.3 

23 

250 

0.85 

9.3 

2 

.0051 

1 

10540 

02-2294 

M 

s 

G 

77272 

391 

7.9 

200 

1700 

7.3 

61. 

10 

.027 

31 

1049T 

04-2294 

F 

s 

0 

77272 

399 

9.7 

28 

280 

1.0 

10. 

2 

.0056 

1 

1054C 

02-2320 

M 

s 

I 

77292 

411 

7.0 

180 

1300 

6.5 

47. 

9 

.025 

29 

1049V 

04-2320 

F 

s 

F 

77292 

419 

9.3 

160 

1500 

5.9 

57. 

7 

.028 

17 

1065T 

03-2350 

F 

S 

H 

77313 

390 

7.9 

81 

640 

3.0 

24. 

4 

.016 

6 

1064C 

04-2350 

H 

s 

K 

77313 

391 

8.5 

46 

410 

1.7 

15. 

2 

.0088 

2 

1067U 

02-2390 

F 

s 

J 

78011 

435 

6.9 

88 

700 

3.3 

26. 

9 

.015 

13 

1078T 

03-2390 

F 

s 

L 

78011 

400 

10.2 

41 

470 

1.5 

17. 

4 

.0075 

3 

1037E 

01-2249 

M 

c 

A 

77231 

401 

10.0 

1040A 

02-2249 

M 

c 

C 

77231 

383 

13.5 

1044T 

01-2270 

F 

c 

B 

77244 

380 

7.1 

1043 A 

02-2270 

M 

c 

E 

77244 

382 

10.8 

1058A 

01-2293 

H 

c 

G 

77271 

369 

10.0 

1051T 

02-2293 

F 

c 

0 

77271 

395 

7.5 

1058S 

01-2324 

F 

c 

F 

77305 

403 

10.5 

1062A 

02-2324 

M 

c 

I 

77305 

384 

11.2 

1066T 

01-2347 

F 

c 

H 

77312 

376 

7.0 

1062C 

02-2347 

M 

c 

K 

77312 

391 

11.5 

1077T 

01-2394 

F 

c 

L 

78045 

440 

8.8 

1068V 

02-2394 

F 

c 

J 

78045 

464 

9.5 

EXPOSURE  GROUPS; 

GRCXJP  I:  SINGLE  EXPOSURE  TO  0.1UCI;  THEN  SHAH  EXPOSURE  EVERY  182  OATS. 
GROUP  11;  LUNG  SUROEN  INCREASED  O.IUCI  EVERY  182  DATS. 

GROUP  III:  LUNG  BURDEN  INCREASED  0.01UCI  EVERY  182  DAYS. 

GROW  S:  SACRIFICE  SERIES;  EXPOSURES  AS  FOR  GROUP  II. 

GROUP  C:  CONTROLS;  ShAH  EXPOSURE  EVERT  182  DAYS. 


NOTES; 

TLB  {WSCJ=  TOTAL  PLUTONIUM  ACTIVITY  INHALED  BASED  ON  WHOLE  BOOT  COUNTS  OF  169T8  TAG. 

DOSE  AND  DOSE  RATE  ARE  FOR  LUNG  ANO  INCLUDE  ACTIVITY  IN  TRACHEOBRONCHIAL  LYMPH  MOOES. 

0,  E,  OR  S  INDICATE  THE  DOG  DIED,  WAS  EUTHANIZED  OR  WAS  SACRIFICED,  RESPECTIVELY.  PRCHINATE  FINDINGS  ARE  INCLUDED. 


CJHJLATIVE 


MAXIMUM 
ALPHA 
DOSE  RATE 
GY/DAY 

ALPHA  RAOIATIOM 
DOSE  TO  LUNG  (GY) 

TO  9-30-91  TO  DEATH 

DEATH 

DATE 

DAYS  FROM 
EXPOSURE 

9-30-91 

FIRST 
;  TO 

DEATH 

COMMENT 

.0027 

6.6 

87104 

3463 

E-CARCIHOHA,  LUNG 

.0029 

8.9 

89354 

4444 

0-8RCHCHOPNEUMOHIA 

.0021 

6.2 

89163 

4253 

0-PAPILLARY  ADENOCARCINOMA, LUNG 

.0037 

11. 

87195 

3533 

E-CARCINOMA,  LUNG 

.0031 

11. 

89225 

4294 

0-PAPILLARY  ADENOCARCINOMA, LUNG 

.0026 

8.2 

88224 

3927 

E-PAPILLARY  ADExOCARCINOMA,  LUNG 

.0031 

11. 

89213 

4232 

0  -  PAP  I  LLAF.Y  ADENCCAR  C I NCMA ,  LUNG 

.0026 

7.8 

89220 

4226 

E-HEMANGIOSARCCMA .VERTEERA 

.0022 

3.8 

84271 

2450 

E-HELANCMA. OROPHARYNX 

.0029 

4.2 

83118 

1933 

D-ACCIDENTAL  DEATH 

.0024 

6.2 

87349 

3624 

E-P«PILLAfiY  ADENOCARCINOMA,  LUNG 

.025 

22. 

81299 

1530 

E-PMEUHCNITIS  AND  PULMONARY  FIBROSIS 

.010 

4.1 

79228 

728 

S-SACRIFICEO 

.022 

26. 

82116 

1698 

D-FNEUHONITIS  AND  PULMONARY  FIBROSIS 

.0051 

1.1 

78243 

364 

S-SACRIFICEO 

.  .027 

31. 

82284 

1838 

S-SACRIFICEO 

.0056 

1.5 

78276 

369 

S-SACRIFICEO 

.025 

29: 

82298 

1832 

S-SACRIFICED 

.028 

17. 

81098 

1267 

E-PNEUMONITIS  AND  PULMONARY  FIBROSIS 

.016 

6.0 

79311 

728 

S-SACRIFICEO 

.0068 

2.5 

78312 

364 

S-SACRIFICEO 

.015 

13. 

82299 

1749 

S-SACRIFICEO 

.0075 

3.2 

80015 

734 

S-SACRIFICEG 

91198 

5080 

e-helanoma, mouth 

83290 

2250 

O-ACCIOENTAL  DEATH 

5142 

88168 

3941 

E-CARCINOMA,  PERIANAL  GLAND 

5115 

89096 

4208 

O-CONGESTIVE  HEART  FAILURE 

5081 

80179 

969 

O-STRANGULATEO  HERNIA 

5074 

91249 

5050 

O-eROKCHOPMEUWCNU 

91029 

4732 

E  CARCINOMA, PITUITARY 

90045 

4383 

E-ADENOCARCINCMA,  HAM.MARY  GLAND 

^INOIMGS  ARE  IHCLLCED 


This  appendix  contains  detailed  tabular  information  through  September  30.  1991,  on  all  dogs  in  the  life¬ 
span  studies  and  many  related  sacrifice  series  asM>ciated  with  these  studies  that  have  been  initiated  at  the  University 
of  Utah  over  the  past  35  years.  .Ml  of  the  dogs  remaining  alive  in  the  life-span  studies  at  the  University  ot  Utah 
were  transferred  to  the  Lovelace  ITRI  colony  on  September  15.  1987,  where  they  are  being  maintained  and  studied 
for  the  remainder  of  their  life  spans.  Re>ponsibility  for  managing  the  completion  of  the  Utah  life-'pan  studies 
has  been  assigneij  to  ITRI,  with  input  from  a  smiall  team  of  investigators  at  the  University  of  Utah  and  investigators 
at  ITRI. 


Appendix  tables  of  this  kind  have  been  an  important  pait  of  the  annual  reports  from  the  Utah  studies, 
and  they  will  be  continued  as  part  of  fulur '  ITRI  annual  reports.  For  consistency,  the  format  of  the  Utah  tables 
is  sinidar  to  lliat  used  in  past  reports. 

The  following  tables  detailed  information  on  the  toxicity  and  test  animals,  respective!).  Toxicity  animals 
are  those  animals  that  were  usually  maintained  until  sacrifice  became  a  clinical  mstessity;  test  animals  were  sacrificed 
as  needed  for  special  studies. 

Dogs  were  put  into  the  toxicity  study  at  graded  inieclion  levels.  At  each  level,  about  half  the  dogs  were 
male  and  half  female.  Litter  m-ites  were  used  whenever  possible.  Abnormal  ilogs  were  excluded.  Fach  animal 
received  the  desicnated  (Uiantity  of  one  radionuclide  in  a  single  intravenous  iniection  ot  0.08  molar  citrate  solution 
at  pH  3,5.  Unless  otherwise  sp<»;ilied.  ihe  radionuclides  weie  monomeric  (•■iiher  ionic  orcomplexed  with  citrate). 

The  five  injection  levels  desiecaled  by  integers  are  those  specitied  .it  the  early  meetings  o*  Ihe  eonsullanis; 
those  designated  by  nonintegers  have  been  added  by  the  laboratory  staff.  Since  those  injection  levels  were  originally 
specified  in  "retained”  activities,  the  actual  inieciions  were  lour  lirivs  the  desired  "retained*  jaCi  kg  tor  '^''.Sr.  *'  'Pb. 
^■■^Ra,  •-^Ra.  and  -’’*Ra.  and  1.11  limes  the  desired  "retained"  ji(‘i  kg  for  --’*Th.  **'Am.  •'‘'‘Cm, 

-’•C  f.  anu  -  ^F.s. 

0.1  jiCi  ’■'’Ra 

Level  1  10  x  . - . —  0  0143  relai.nexl  gCi  kg 

70  kg  man 


The  desired  "refa'ned"  activities  were  Ihe  same  for  all  the  r.tdionu- iides  except  '‘"Sr.  m  which  case  they 
Were  greater  by  a  factor  of  10  Inieclion  level  1  was  the  basic  c.f  ihe  scheine.  and  was  10  limes  the  inaxuniim 
permissible  eoncenlration  of  ••''R.i  in  man. 

Since  radioactive  decay  and  excretion  occur  conlinuoucly,  the  term  'loul  body  retention"  is  inc.mirigless 
unless  the  lime  after  injection  is  epe-,  (Jur  present  nvasui.-nicr.ts  mdr.aie  that  the  etrectrve  releniton  ot  alkaline 

earth  elements  and  Pb  decrease  to  aNiut  J-S's  of  lb.il  injected  by  the  folloccmg  limes  alter  inieclic'n 

LlemenI  Tirne  <d-<ysj 

•'"•Sr  I  14 

:iO|,i,  ,,g 

-:‘Ra  S 

--■'’Ra  .27 1 

'■■^Ka  714 


fs 


Retention  of  actinide  elements  decreased  to  about  90%  at  post-injection  times  shown  below: 


^-*Th  6 

6 

^■^'Am  6 

2-‘3244cm  , 

«^E.s  1 


All  other  injection  levels  were  simple  multiples  of  level  1,  as  shown  below. 


Level  0.1  is  1/27  of  level  I 
Level  0.2  is  1/9  of  level  1 
Level  0.5  is  1/3  of  level  I 
Level  0.7  is  2/3  of  level  I 
Level  1.5  is  2  times  level  I 


Level  1.7  is  linies  level  1 
Level  2  is  6  times  level  1 
Level  3  is  18  times  level  1 
Level  4  is  54  times  level  I 
Level  4.5  is  94  times  level  I 
Level  5  is  162  times  level  I. 


The  number.ng  system  for  the  doijs  was  built  around  the  injection  program  and'serv  e.s  as  a  code  to  describe 
each  dog's  place  in  the  experiment.  The  first  letter  tells  the  sex  of  toxicity  animals  (M  =  male;  F  ^  female). 
When  the  first  letter  is  T,  the  dog  is  a  test  animat.  M.  F,  or  T  is  followed  by  a  number  which  denotes  chronological 
order  of  the  individual  test  dogs,  or  of  groups,  in  the  rase  of  toxicity  dogs. 


Next  comes  a  cixle  letter  for  the  radionuclide;  C I;-*'-’Es:  F“*^'Cf; 
j{  =  237,24ip„.  L  =  7‘'>Pb;  P.=  -J''Pu;  Q  2:4^,.  S  =  ‘^’Sr;  T- ‘‘*Th;  U« 

W  =  ^‘*'Am;  A-ancillary  fnonradioactive). 


C  =  ’-'''Cf:  1 
’.tJ.’J’y.  V, 


following  the  regular  dog  number  means  that  the  dog  is  a  replacement;  "H”  following  the  regular 
dog  number  means  that  the  dog  received  more  than  one  injection.  ’B*.  "C"  or  "D”  denotes  an  intended  special 
assignment,  but  most  of  these  dogs  have  been  redesignated  for  life-span  toxicity  studies.  'Fi”  in  the  final  position 
is  used  to  denote  that  the  dog  listed  is  a  St.  Bernard.  "P"  in  the  final  position  indicates  that  the  .nuclide  was 
polymeric  (injexted  in  a  particulate  form).  'Y"  m  the  final  position  indicates  that  the  animal  was  injected  as  a 
juvenile.  “N"  in  the  final  position  indicates  that  the  animal  was  mjecieJ  as  a  neonate,  A  phis  (  t  )  in  the  final 
position  denotes  that  the  animal  was  'old’  when  injected.  Letters  denoting  a  radionuclide  may  follow  the  final 
number,  in  which  case  the  letter  indicates  t.hal  two  radionuclides  were  given.  The  initxtion  level  refers  to  the 
radionuclide  appearing  first  m  the  identifying  code. 

Example:  M1R5  is  a  male  animal  m  the  first  radium  group  at  the  highest  injection  level. 
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Although  M1R5,  M1R4,  M1R3.  M1R2.  MIRl,  and  MIRO  constitute  a  group  and  were  injected  at 
the  same  tirne,  the  tables  are  arranged  according  to  injection  level  to  facilitate  comparison  of  all  the  R5  animals, 
all  the  R4  animals,  etc. 

The  conditions  listed  in  the  status  tables  under  ''Comments  on  Dead  Dogs"  give  the  cancers  and 
the  lesions  that  had  the  most  apparent  effect  on  the  clinical  status  of  the  animal.  These  comments  should  not 
be  considered  as  confirmed  pathology.  For  example,  multiple  rib  fractures,  which  seldom  produce  symptoms, 
are  not  listed,  even  though  their  incidence  was  usually  much  higher  than  the  crippling  fractures  involving  the 
limb  bones  or  mandible.  The  hematological  changes  have  been  omitted  unless  they  were  extreme.  Increased  rate 
of  tooth  loss,  hepatic  changes,  eye  lesions,  and  many  other  factors  in  the  various  syndromes  have  net  been  included 
because  of  space  limitations.  Over  the  years  nxiny  soft  tissue  tumors  have  been  removed  surgically.  In  many 
instances,  the  conditions  that  have  been  listed  were  the  reasons  for  sacrifice  of  the  animal  hu'  they  were  not  the 
immediate  cause  of  death.  Most  of  the  animals  were  euthanized  when  death  appeared  imminent  or  when  life  could 
no  longer  be  prolonged  humaneiy. 


DOSI.METRY 


The  tables  include  the  calculated  average  do-^:  in  Gy  to  the  skeleton  at  death.  ^*^Sr.  "■*'Ra,  "'^Ra. 
^■"Am,  ■‘*^Cf,  and  “^'Cf  doses  are  calculated  for  each  dog.  using  its  individually  observed  retention  values:  “^'*Pu, 
^‘**Th,  and  ^‘■'*Ra  doses  are  based  on  the  average  retention  equations.  For  the  young  adult  Beagle  dogs  injected 
at  about  17  mo  of  age,  the  following  equations  were  used  for  thr  EFFEGTIVE  skeletal  retention  at  (t)  days  after 
injection  to  account  for  both  radioactive  decay  and  biological  elimination.  These  equations  do  not  apply  to  ,St. 
Bernards  (E)  or  to  Beagles  injected  as  neonates  (N),  young  juveniles  (Y),  old  dogs  (  +  ),  or  to  dogs  receiving 
polymeric  plutonium  (P)  or  chelation  therapy. 

Detailed  retention  data  and  dosimetric  analyses  were  presented  or  referenced  in  the  1984  annual  report 
(COO-119-259,  December  1954).  The  skeletal  doses  are  based  upon  a  wet  skeleton  which  is  lOS  of  the  l>ody 
weight  at  the  time  of  injection  (COO-119-257,  pp.  89-92.  1982). 

^^**Ra  and  •^'^Ra  doses  deserve  special  comment.  The  dose  from  '  ‘  pure"  *^*Ra  and  its  in  l  iio  prixJuced 
daughters  is  based  on  our  best  evaluation  of  5,77  ±  0.02  yr  for  the  -•’*Ra  half-peruxl.  The  tabulated  total  doses 
include  the  contributions  from  *‘’'Th  contamination  in  the  inic-ciion  solutions.  For  example,  •■’'Th  contaminations 
of  0.69c,  and  159J.  respectively,  account  for  394.  139;  and  42'7  of  the  total  dose  in  rads  at  lO'.X)  days.  If 
injected  •■’'Th  i.s  four  times  more  toxic  rad-for-rad  than  is  in  vivo  produced  •-’*Th,  these  injected  ’■^Tli  contamination 
would  .account  for  lOS,  379?  and  74T  of  the  total  biological  damage  at  UXtO  days.  Therefore,  it  may  be  desirable 
to  use  only  results  from  the  slightly  contaminated  (Ob'?  --’*Th)  dogs  in  evaluation  of --’*Ra  toxicity .  The  contribution 
from  injected  ^'‘^Pb  which  (Kcurs  m  the  --'Ra  in|cct:on  solution  as  a  result  of  *-'Ra  decay  has  been  included 
in  skeleton  dose  calculations  for  *-^Ra  dogs.  This  can  account  tor  between  about  194  and  30T  of  the  total: 

2-*Ra  (adults,  dose  level  5)  -  0.20e  ” *■  0.29e 


(adults,  lower  levels)  -  0  2le'’'’'"’‘  *  0  1  Se 
---Rn(“'’Ra  (adults,  all  levels)  -  0.075  ( I -e  " l" 


*■  0. 15e 


^^'^Pu  (dose  level  5)  --  O.Oi’e  '’ +  0.43 


’^‘'Pu  (dose  level  4)  -  0  lle'”''^*"  *  0  39 


(dose  level  3)  --  0. 1 5e-'’ "  -  0.34 


“''Pu  (lower  levels)  -  0.29e 0.21 
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(all  levels)  =  O.21e-00'*'  +  0.1  +  0. (pure  at  t  =  0) 

with  84%  retention  of  in  vivo  proilucetl  daughters  of  -^**Th. 

22»Th  (all  levels)  =  0.68e-0  «’'''' 

with  ratios  of  ^^'^Ra,  -^®Rn,  ^’*Po,  ’*^Pb,  ^’-Bi  to  '^*Th  as  a  function  of  time  after  injection 
and  of  dose  level  as  given  in  Rtidiat.  Res.  93:  614-628,  1984. 

(dose  level  5)  =  0.359  +  0.157  ( 1 -e-®  *)«5‘) 

(dose  level  4)  =  0.359  -b  0.141  (l-e*®*^^*) 

^‘♦‘Ain  (dose  level  3)  =  0.359  +  0.076  (l-e-^’OO^t.) 

^^’Am  (lower  levels)  =  0.359  0.015  (l-e'^-*”'*') 

^‘’’Cf  (all  levels)  =  0.498e-<’  “^''’-‘' 

“2cf  (all  levels)  =  0.498e-0 

^^•’Ra  (all  levels)  =  0.528e  <’  -  0,228e-’  '’l' 

with  the  effective  retention  of  ^•'’Ra  daughters  for  all  levels  of: 

229Rn  and  ^l^Po  =  0.486e-'’  -  0.276e  -*  *^' 

2l2pb  =  0.447e-°’2‘-*'  -  0.336c--  ‘^ 

ll’Bi  =  2l2p„  +  208J1  =  o.39IeO  -  0.350e--  '’" 

For  the  calculation  of  radiation  dose  for  dogs  that  had  received  particulate  plutonium,  mca.sured  skeletal 
ghts  were  u.sed.  Tne  following  .skeletal  Pu-retentions  (.R5|^,.|)  were  applied: 

1.  Dogs  that  received  no  further  treatment:  Rj^^j  =  60(1  -  0.914e'’ 

2.  Dogs  that  received  30  ^mole  CaDTPA/kg  once  weekly:  R^tii  6.7%  constant  average  retention. 


3.  Dogs  that  received  30  /rmole  ZnDTPA-kg  daily:  Rsi,..|  -  2.8%  constant  average  retention. 
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B.2  Chronic  Toxicity  Study .  184 

B.3  ^'^Cf,  Chronic  Toxicity  Study .  185 

B.4  "^^Es,  Chronic  Toxicity  Study .  186 

B  5  Chronic  Toxicity  Study .  187 
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ACE  WEICHT  INJECTED  INJECTED  CATE  INJECTION  SKELETON 
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Pu,  Chronic  Toxicity  Study  (continued) 
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GROUPS  41-52  RECEIVED  RA-224  IN  1  INJECTION. 

81-92  RECEIVED  RA-224  IN  10  FRACTIONS  (l/UEEK) 
1-12  RECEIVED  RA-224  IN  50  FRACTIONS  (l/WEEK) 
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OOG  AGE  WEIGHT  INJECTED  INJECTED  DATE  INJECTION  SKELETON 
NUMBER  (DAYS)  (KG)  (UCI/KG)  (KBQ/KG)  INJECTED  INTERVAL  (GY)  COMMENTS 
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Ka,  Ciittiaic  Toxicity  Study  (continued) 
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rC4^R00a  WAS  removed  eroh  imjecticn  tables  because  dog  never  reached  young  adult  age. 
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Ra  (Mesothorium),  Chronic  Toxicity  Study  (continued) 
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INJECTIOM 

.  POST  DOSE  TO 

DOG  AGE  WEIGHT  INJECTED  INJECTED  DATE  INJECTION  SKELETON 
NUMBER  (DAYS)  (KG)  (UCI/KG)  (K8Q/KG)  INJECTED  INTERVAL  (GY)  COMMENTS 
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.  POST  DOSE  TO 

DOG  ACE  WEIGHT  IMJECTEO  INJECTED  PATE  tMJECflON  SKEEETOM 
NunaE*  <OATS)  (AG)  <UC1/K&)  (KES/AG)  INJEGTEO  INTERVAL  (GT)  COMMENTS 
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.  . . - .  POST  DOSE  TO 

DOC  ACE  WEIGHT  INJECTED  INJECTED  DATE  INJECTION  SKEI.ETON 
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fl.21  **®Ra,  Test  Studies  (continued) 
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